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o 75-piuua pekmopa HayioHa1b6H020

5 ciyns 2015 poky BUOBHUJIOCS 75 POKIB pek-
Topy HanionasnbHOTO dapmMareBTUUHOrO yHiBEPCH-
TeTy Basientuny [leTpoBruuy YepHuX, 4ieHy-Kopec-
noHZeHTy HanioHasbHOI akageMii Hayk YkpaiHuy,
Jaypeaty JlepaBHoi npeMmii Ykpainu, soktopy dap-
MalleBTUYHUX HayK, JOKTOPY XiMiYHUX HayK, IpO-
decopy. 2015 pik 3HamMmeHHUH 151 BasienTrHa [leTpo-
BUYA Ille ¥ TUM, 1110 BUNTOBHIOEThLCA 50 pokiB Hioro
HAyKOBO-IIeJaroriyHoi Ta rpoMa/ZiCbKoi JiAJIbHOCTI i
35 pokiB nepebyBaHHs Ha MOcaji peKTopa.

[liBCTOITTSA KUTTS BiAZAHO CHAYKiHHIO 6J1aro-
poAHiH Micil - migroroBui ¢axiBiiB A dapmaiieB-
TUYHOI rajysi, niroTosui HayKOBUX i HAYKOBO-IIe-
JlaroriyHux Kazapis, nepebynosi Ta peopranisanii Ha-
[[ioHaJIbHOTO papMaLeBTUYHOIO YHIBEPCUTETY — IO-
JIOBHOTO $papMaleBTUYHOr0 BUILOI'0 HABYATIBHOIO
3aKJIaZy YKpaiHu 3 iCTOpI€l0, AIKa NOYUHaIacd y Jjaje-
komy 1805 porii, pedpopmyBaHHI0 BUII0I papmalieB-
TUYHOI OCBITH Ta papMaLeBTUUHOI ranysi YkpaiHu.

B.Il.YepHux NpoMIIOB WAAX BiJi CTYA€HTAa, aclli-
paHTa, aCUCTEHTAa, J0LleHTa, npodecopa, 3aBigyBaya
kadeapH, AeKaHa, MPOPeKTOPa 3 HaBYaJIbHOI po6o-
TH A0 pekTopa HalioHanbHoro ¢papmaineBTHUYHOTO
YHIBEpPCUTETY.

[Tix kepiBHULITBOM B.IL.YHepHux XapkiBcbkuii dpap-
MalLleBTUYHUH IHCTUTYT NPOUILOB CKJIa/IHI eTalu pe-
oprasisatii BiJi HEBEJIMKOr0, MaJ0BiIOMOr0 iHCTH-
TyTy Ao HanijoHasbHoro ¢papmaneBTUUHOTO YHiBEp-
CUTETY, AKUH BiJiIOBila€ HAUBULINUM Jl€P>KaBHUM i
MI>KHapOJAHUM KpUTePiAM.

ChorofiHi KOJIEKTUB YHIBEpCUTETY HaJIIYy€e MOHA,
20 THcsay crniBpobiTHUKIB i cTyzenTiB. [lif kepiBHULI-
TBOM BHIATHOI'O OpraHizaTopa XapKiBcbKuH dpapma-
[eBTUYHUU IHCTUTYT, B IKOMY HaB4yasikcs 1600 cty-
JIeHTiB 3a ofiHi€lo clienianbHicTI0 «Papmartisi» Ta mpa-

dapmayeemu4Ho20 yHigepcumemy,
yseHa-kopechoHdeHma HayioHaabHOI

akademii HayK YKpaiHu,

saypeama /JlepstcagHoi npemii YKpaiHu,

dokmopa hapmayesmuvHUX HAYK,

dokmopa XimMiYHuUXx Hayk, npoghecopa

Basaenmuna Ilemposuua YepHux

For the 75-th anniversary of the rector of the
National University of Pharmacy, associate-
member of the National Academy of Sciences of
Ukraine, laureate of the State Prize of Ukraine,
Doctor of Pharmacy, Doctor of Chemistry,
professor Valentyn Petrovych Chernykh

In January 5, 2015, Valentyn Petrovych Chernykh,
rector of the National University of Pharmacy (NUPh),
associate-member of the National Academy of Sciences
of Ukraine, laureate of the State Prize of Ukraine,
Doctor of Pharmacy, Doctor of Chemistry, professor
turned 75. The Year 2015 is also significant for Va-
lentyn Petrovych by the 50th anniversary of his sci-
entific-pedagogical and social activities, and 35 years
as the Rector.

Half a century of his life is devoted to the noble
mission - training of specialists for the pharmaceu-
tical industry, training of the research and academic
staff, reconstruction and reorganization of the Na-
tional University of Pharmacy, the main pharmaceu-
tical higher school in Ukraine with the history dat-
ing back to the distant year 1805, reforming of the
higher pharmaceutical education and pharmaceuti-
cal industry of Ukraine.

V.P.Chernykh had come a long way from a stu-
dent, postgraduate student, teaching assistant, asso-
ciate professor, professor, head of the Department,
dean, vice-rector for academic affairs to the rector of
the National University of Pharmacy, which he heads
since 1980.

Under the leadership V.P. Chernykh the Kharkiv
Pharmaceutical Institute passed the difficult stages
of reorganization from a small, little-known institu-
tion to the leading National University of Pharmacy
corresponding to the highest national and interna-
tional criteria.

Today, the University community numbers over
20,000 employees and students. Under the leader-
ship of an outstanding organizer the Kharkiv Phar-
maceutical Institute, which had 1,600 students in one
specialty «Pharmacy» with 6 Doctors of and 73 Candi-
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LIOBaJ/IM 6 NOKTOPIB HayK i 73 KaHJUJAaTU HayK, BU-
pic B yHiKaJIbHUM HAyKOBO-OCBITHIM KoMItekc — Hargio-
HaJIbHUHM dpapMaLeBTUYHHUHI YHIBEPCUTET, B IKOMY
cboroaHi HaB4yaroTbcsa 17 500 cTyneHTiB 3a 14 cre-
[[iaJIbHOCTSIMU Ta 3/1iICHIOI0Th HAYKOBO-TI€/Iaroriy-
Hy JisbHicTb 110 gokTopiB Hayk i 500 kanAUAATIB
HayK, cepeJiHi} BiK SIKUX CTaHOBUTH 45 pokiB. Y 1991 p.
XapkiBcbKUH PpapMaleBTUUHUN iIHCTUTYT OJAHUM i3
nepuux cepes 900 BH3 orpuMaB cTaTyc akpeUTO-
BaHOT'0 Ha COI03HOMY piBHI. ¥ 1999 p. y nepiuiit n’s1-
Tipui BH3 Ykpainu BiH HabyB cTaTycy HalliOHaJIbHO-
ro i craB gpyrum HanioHa/ibHuM BH3 y m. XapkoBi.

[lig kepiBHULTBOM B.[l.YUepHux 3ailicHeHUN Ka-
JpoBui «popus» y H®ay: 3 1980 poky nigroros-
JieHo 6isibine 130 JoKkTOpiB Hayk i 650 KaHAUAATIB
HaykK. 3a peitunrom IOHECKO cepen 200 kpamiux
yHiBepcuTeTiB Ykpainu H®ay mae oauH i3 HaliBU-
LIMX [TOKAa3HUKIB IKOCTi HAYKOBO-I€1arorivyHoro mno-
TeHLiany - 94%. 3a octanHi 15 pokiB y H®ay Bij-
KpuTO 13 HOBUX cllenjiaJIbHOCTEN, [HCTUTYT MiABU-
meHHA KBastidikanii crieriaictiB dapmariii, Kose k.
[IpoTsArom ycboro nepiojly yrpaBJiiHHS] YHIBEpCUTe-
ToM B.[l.YepHux cnpusp 3abe3nevyeHHI0 HOro cra-
6iibHOrO (iHAHCOBOTO CTAaHOBUIIA, CTBOPEHHIO eeK-
TUBHOI CUCTEMH COLia/IbHOTO 3aXUCTY CHiBPOBITHU-
KiB i ctrymenTiB. H®ay mociznae sigepcbki mosutii B
YKpaiHi, B HallioHaJIbHOMY PEUTHHTY BiH 3HaXOJUTh-
cd Ha 2-My Micni cepes 18 MeIMUHMX HaBYaJIbHUX
3aKJIaZiB i HA TPeTbOMYy cepeJi XapKiBCbKUX YHiBep-
cuTeTiB. YHiBepcuTeT € dpyiarMaHoM dapMaieBTUY-
HOI OCBITH cepeJi HaBYa/IbHUX 3akJaziB kpain CH/,.
H®ay naropomkenuii [lodyecHoro rpamoToro Kabinety
MiHicTpiB YkpaiHy 3a BaroMuii BHECOK Y PO3BHUTOK Me-
JUYHOI Ta papMalleBTUUHOI HayKH i ocBiTH. e yHiBep-
CUTET EBPONENCHKOTO PiBHS, BU3HAHUH Y CBITi, KU
€ ZIiICHUM 4JIeHOM MDXXHApOoAHUX dpapMaleBTUUHUX
Ta OCBiTHIX acorjianiit. ¥ 2013 p. HOay npuegHaBca
Jlo Besinkol Xaprii yHiBepcuTeTiB. byay4u crienianiso-
BaHUM BH3, BiH 3a6e3neuye KOMIIJIEKCHY MiATOTOBKY
¢daxiB1iB BHCOKOI AKOCTI 32 BciMa HanpsiMmamu ¢apma-
LIEBTHUYHOI rasysi. Y Horo ayAUTOPisiX OTPUMaIU BULLY
dapmaneBTHUHY OCBiTY oHaA 50 Tucsy daxiBuiiB, ce-
peJ, sSIKuX MoHaz 6 TUcsS4 MaricTpiB dapmauii g 82
KpaiH cBiTy. [lifroToBKa QpaxiBLiB 4151 3apyOiNeKs — 11e
BaroMui YMHHUK MiJIBULEHHS MDKHAPOAHOTO iMiKy
HALLOI ZIep>KaBU Ta OCBITH.

3 MeTOl0 peaJiizalil Aep>KaBHOI NOJITUKU KaJ-
poBoro 3a6e3neyeHHs ranaysi B.Il.YepHux 3anpomno-
HYBaB CUCTEMY MiATOTOBKU (axiBLiB «Ha MiCLIX»
LIJIIXOM BiAKpUTTS Mepexi 3 20 dapManeBTUIHUX
dakynbTeTiB pu MeguuHUX BH3 i 3a6e3nedyeHHs ix
HAyKOBO-IIeJarOriYHMMHU Ka/IpaMy Ta HaBYa/IbHO-Me-
TOAWYHOIO JiTepaTypoto. B yHiBepcuTeTi 3ailicHIO-
€TbCS MiIFOTOBKA HAYKOBO-IeAaroriyHux KaJipiB JJisd

dates of Sciences, grew up into a unique research and
educational centre - National University of Pharma-
cy. Here at present 17,500 students study in 14 spe-
cialties, and 110 Doctors and 500 Candidates of Sci-
ences with the average age of 45 carry out research
and teaching activities. In 1991, the Kharkiv Phar-
maceutical Institute was among the first 900 univer-
sities, which was accredited at the Union level. In
1999, it acquired the national status among the top
five universities in Ukraine and became the second
National University in Kharkiv.

There was a staff «breakthrough» at the NUPh
under the supervision of V.P. Chernykh: more than
130 Doctors and 650 Candidates of Sciences have
been trained since 1980. The NUPh has one of the
highest indexes of the quality of research and educa-
tional potential - 94% among the top 200 universi-
ties in Ukraine according to the UNESCO rating. Over
the past 15 years 13 new specialties, the Institute of
Pharmacy Professionals Qualification Improvement
and the College appeared in the structure of the NUPh.
Within the whole period of his leadership V.P. Cher-
nykh has promoted the stable financial position of
the University, effective system of social protection
of employees and students. Today the NUPh occupies
leading positions in Ukraine; in the national ranking
it takes the 2nd place among 18 medical universities
and the 3rd among Kharkiv universities, and is the
leader of pharmaceutical education among the edu-
cational institutions of the CIS countries. The NUPh
was awarded by the honorary certificate of the Cabi-
net of Ministers of Ukraine for considerable contri-
bution to the development of medical and pharma-
ceutical science and education. This University is of
the European level, it is recognized in the world, and
it is the active member of international pharmaceuti-
cal and educational associations. In 2013, the NUPh
joined the Magna Charta Universitatum. Being a spe-
cialized higher school it provides comprehensive
training of the high quality specialists in all areas of
the pharmaceutical branch. Over 50,000 profession-
als, including more than 6,000 Masters of Pharmacy
for 82 countries, received higher pharmaceutical ed-
ucation in its lecture halls. Training of specialists for
foreign countries is a significant factor in increasing
the international image of our country and our edu-
cation.

In order to implement the national policy of hu-
man resourcing of the branch V.P. Chernykh propo-
sed the system of in-service training of specialists by
opening a network of 20 pharmaceutical faculties at
the medical universities, providing them with the re-
search and teaching staff, methodological and teach-
ing materials. The University trains the academic
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dapmaneBTuyHuX PakynpreTiB BH3, npakTuuHoOi
dapmarnii Ykpainu Ta 3apy6ixKHUX KpaiH.

Ynepiie B cucteMi papmaleBTUIHOI OCBITH YK-
palHu CTBOpEeHI HaBYa/IbHO-METOAWYHI KOMILJIEKCH
HaBYaJIbHOI JIiTEpaTypH 3 yCiX AUCHHUILIIH 06CAroM
NoHa/, 2 THC. HalMeHyBaHb. HaB4yasibHUM NpoLec Ha
100% 3a6e3me4eHUH HaBYa/IbHO-METOAUYHOIO JIiTe-
paTypolo Jiep>KaBHOI0 Ta iIHO3€eMHUMH MOBaMH, AKa
BUKOPUCTOBYETHCS HA BCiX papManeBTUIHUX Pa-
KyJbTeTax YKpaiHu Ta Aesakux kpaid CH/I. HaykoBa
CcraZiliMHa yHiBepcuTeTy - 1e noHaz 490 nigpyy-
HUKIB i HaBYa/IbHUX NOCI6HUKIB, 300 MoHOTpadill,
6isbiie 1500 0XOpOHHUX JJOKYMEHTIB Ha BUHAXO/H.
Buenumu H®ay pospobsieHo i BpoBai»KeHO y BU-
POGHUIITBO 261 HOBUH JIiKAPCHKUU Mpernapar.

B.Il.YepHuxX € iHiLliaTOPOM i OIHUM 3 aBTOPIiB pO3-
po6ku Konnennii po3BUTKY papMalieBTUUHO] rany-
3i Ta OCBITH YKpaiHU, po31IMpPEHHS CIIEKTpa creljia-
JIbHOCTeH 11 dapMaLeBTUYHO]I raj1y3i, 0CHOBOIIO-
JIO)KHUKOM HOBITHBOT'0 HanpsMy B ¢apmauii: pap-
MaLleBTUYHOI OIIKH XBOPUX, CUCTEMH KOHTPOJIIO SIKO-
CTi JiKiB, Yy T.4. BIPOBa/I’)KeHHsI 6i0eKBiBaJIEHTHOCTI
Ha 3aca/iax HaJIeXKHOI KJIiHIYHOI MPaKTUKY BIANOBIJ-
HO 10 CBITOBHUX BUMOT.

g nigBUIleHHA aBTOPUTETY TA BU3HAHHA Ha
Jlep>kaBHOMY piBHI papmaneBTHYHOI ranysi 3a iHi-
1[iaTUBH Ta 6e3nocepeaHboi yuacti B.IL.UepHux B VK-
paini BcraHoBJIeHO npodeciiiHe cBsATO - JleHb papma-
[eBTUYHOTO0 npauiBHuKa (3 1999 p.), 3anpoBajike-
HO HOBY Jlep:KaBHY Haropoay — noyecHe 3BaHHA «3a-
caykeHul npauiBHuk ¢papmanii Ykpainu» (2005 p.),
npuiHaTO ETHYHUN KoieKe dapMaleBTUYHOTO pa-
niBHuKa Ykpainu (2010 p.), CTBOpeHO mepiy B CBi-
Ti ®apManeBTUYHY eHIIUKJI0TE/il0 (mepile BUAAH-
Hs - 2005 p., apyre - 2010 p.). [lig 6e3nocepegHim
KepiBHUIITBOM B.[1.YepHUX Ky/IbTypHA CKapOHUIS
XapkiBLUIMHU 36araTu/iacs yHikaJlbHOO CKYJbITYP-
HOIo KoMno3suliew «Papmaliisi y Bikax» - nepuiuM y
cBiTi nam’siTHUKOM ¢dapmaneBTy. B.Il.UepHUX cTaB
i/leos10roM 3MillHEHHS T'aJly3i Ta opraHisaTopom npo-
BeJleHHs Ha 6a3i yHiBepcuteTy V, VIi VII Hanionanb-
HUx 3'1371iB papmaleBTiB Ykpainu i ctBopeHHs Pap-
MaLleBTUYHOI aconjanil YKkpaiHu.

B.Il.YepHuX - BUJATHUK BUEHUH B rajysi opra-
HiuHOI xiMii, mpali SKoro MWUPOKO BiloMi HAayKOBii
cHizibHOTI YKpainu i 3apy6ixoks, € aBTopoM 1260 Hay-
KOBUX IIpallb, Cepesi AKUX MePLUINN NiAPYUHUK AJIs
BUIII01 papMalleBTUUHOI OCBITH YKpaiHu «OpraHiu-
Ha xiMisi» B 3-X TOMaX, y40CTOEHUH JlepkaBHOI mpe-
Mil Ykpainu B ranysi Hayku i TexHiku B 2000 p. 3a
Horo iHiliaTUBY 3aCHOBAaHUW HOBUH HAyKOBHUM Ha-
npsM - CUHTe3 610/10r1YHO aKTUBHUX PEYOBHH — 110-
XiAHUX AUKapOOHOBUX KUCJIOT, CTBOPEHHS Ha iX OcC-
HOBI pi3HUX reTePOLMKIIIYHUX CTPYKTYDP 1 OCaiLKeH-
H NUIAXiB HUKITi3a1il noidyHKIioHaIbHUX peareH-

and teaching staff for pharmaceutical faculties, prac-
tical pharmacy in Ukraine and abroad.

For the first time in the pharmaceutical educa-
tion of Ukraine complexes of the teaching materi-
als in all disciplines of more than 2 thousand items
were created. The teaching and learning activities
are provided by 100% with educational and metho-
dological materials used by all the pharmaceutical
faculties in Ukraine and some CIS countries in offi-
cial and foreign languages. The scientific heritage of
the University is more than 490 textbooks and study
guides, 300 monographs, over 1,500 titles of protec-
tion for inventions. The NUPh scientists developed
and introduced into production 261 new medicines.

V.P. Chernykh is an initiator and one of the authors
of the Pharmaceutical branch development concep-
tion in the field of education and science in Ukraine,
extension of the range of specialties for the pharma-
ceutical branch; the founder of the up-to-date direction
in pharmacy - pharmaceutical care of patients, the drug
quality control system, including implementation of
bioequivalence on the principles of good clinical prac-
tice in accordance with international requirements.

To gain the influence and recognition of the phar-
maceutical branch at the State level at the initiative
of V.P. Chernykh the Pharmacist’s Day (1999) became
an official State professional holiday in Ukraine; the
new honorary title “Honoured pharmacist of Ukraine”
(2005) was introduced; the Code of Ethics for Phar-
macists of Ukraine (2010) was adopted; the world’s
first Pharmaceutical encyclopedia (the first edition of
2005, the second edition of 2010) was created. Under
the direct supervision of V.P. Chernykh the cultural
treasury of the Kharkiv region has been enriched with
a unique sculptural complex “Pharmacy in centuries”,
the first in the world monument to the pharmacist.
V.P. Chernykh became the ideologist of the pharmaceu-
tical branch growth and the organizer of the V, VI, and
VII National Congresses of Pharmacists of Ukraine
and the Pharmacy Association of Ukraine.

V.P. Chernykh is an outstanding scientist in the
field of organic chemistry, his works are well known
to the scientific community in Ukraine and abroad;
he is the author of 1260 scientific publications, in-
cluding the textbook «Organic Chemistry» in 3 volu-
mes, which was awarded the State Prize of Ukraine
in Science and Technology in 2000, and the first text-
book for higher pharmaceutical education in Ukrai-
ne. A novel scientific approach - synthesis of biolo-
gically active substances - derivatives of dicarboxylic
acids, creation of various heterocyclic structures on
their basis and research of the cyclization routes for
polyfunctional reagents in the heterocycle assembly
was founded. Novelty and priority of the research
are confirmed by 126 patents of Ukraine and Russia,
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TiB B aHCaMO6.1i reTeporykiiB. HoBusHy i npioputeT-
HICTh HAYKOBUX JIOC/i/PKEHDb MiATBEP/KYIOTh 126 na-
TeHTiB Ykpainu Ta Pocii, 341 aBTOpCbKe CBiJIOLITBO.
bisnbie 40 pokiB BigJaHO MiAroTOBILi JOKTOPIB i
KaHJUJaTiB HayK [Jid BUILOI IIKOJIY | IPAaKTUYHOI
¢dapwmaiiii, cTBopeHa BiTYU3HSIHA 1IIKOJIA XiMiKiB-CHH-
TEeTHUKIB, Yy paMKaxX K0l BYEHUM MiArOTOBJIEHO I10-
Haj 60 JOKTOpIB i KAHAWIATIB HAyK, a TaKOX (0co-
OUCTO Ta 3 YYHSIMH) CTBOPEHO 16 JiKapCbKUX Mpe-
naparis.

3a niicyMkaMu 6araTopiuHUX HAyKOBUX J10CJIi-
JDKeHb B 06J1aCTi CHHTE3y 6i0/10TiYHO aKTUBHUX pe-
4yoBUH Yy 1997 p. npodecop B.Il.YepHux 6yB ob6pa-
HUH 4ieHoM-KopecnioHzeHToM HAH Ykpainu. B icto-
pii dapmanii Ykpainu g nozis craja nepiuM npu-
KJIaJIOM IpeJicTaBHUIITBA dapMallii B akageMiuHii
HayLi. 3a HayKoBi gocarHeHnHd Ilpe3ugia akagemil
HaykK Ykpainu Haropoguia B.ILYepuux B 2013 p. no-
yecHUM 3HakoM HAHY.

B.Il.YepHux — BifjoMHUl ep:kaBHUH | rpOMafiChb-
KUH gy, iHiniaTop BUAAHHS 7 HAYKOBUX XKy pHaJIiB
BAK Ykpainu. Bnpozaos:x 30 pokiB BiH npaijtoBaB B
ExcneptHux pagax BAK CPCP Ta Ykpainu. Ha Tene-
pilHii yac BiH o4ositoe ExciepTHy npo6JieMHy KoMi-
cito «@apmanis» MO3 Ta HAMH Ykpaiuy, € rosiosoro
HaykoBo-MeToau4HOI koMmicii 3 papmanii MinicTep-
CTBa OCBITH 1 HayKH YKpaiHy, yieHoM BueHol pagu
Al «/lep>xaBHUIE dapMaKoJOTidyHUE eHTp» MO3
Ykpainy, uyieHoM [Ipe3unii @apmakoneiiHoro Komi-
TeTy MO3 YKpainy, 4ieHoM BueHol MeU4HOI paju
MO3 Ykpainu, uieHoM 610po [JepxkaBHOro papma-
KOJIOTIYHOTO LeHTpYy 3 peecTtpauii JI3 i JIII, uienHom
cekuii xiMil Ta xiMmiyHoi TexHoJsorii KomiteTy 3 Jlep-
>)KaBHHUX MpeMil B rasysi HayKu i TexHikY, 41eHOM
koJierii Jlep>KiHcneKIlii 3 KOHTPOJIKO IKOCTI JIiKapCh-
kux npenapatiB MO3 Ykpainu. B.Il.YepHux - Bile-
npe3uieHT PapmaleBTUYHOI aconianii Ykpainu, mpe-
3ugieHT PapmaneBTUYHOI acomiarii XapkiBuHu. O6u-
paBcd genyTtaToM KuiBcbkoi paliloHHOI pau Hapo-
HUX AenyTaTiB M. XapkoBa (1986 p.) i Micbkoi Pagu
HapoaHuX fenyTaTiB (1985-1987 pp.). ¥ 1999 p. Mix-
Hapo/iHUH G6iorpadiuHuil LeHTp Ta AMepUKaHCbKUN
6iorpadiunuil incTuTyT BU3Hauu B.Il.YepHux oa-
HUM i3 500 HaN6iIbII BIVIMBOBUX | BUJATHHUX y4e-
HUX CBITY, IKUU 3/[iICHIOE aKTUBHY Mi>KHApO/IHY Ta
MPOCBITHUIIbKY AiSIJIbHICTbD.

[lnigHa npaud Ta BUAATHI 3acC/1yry BiloMOro Bye-
HOTO, [Ie/larora, opraHisaTopa, Aep:KaBHoro i rpoMas-
ChKOTIO Jlisiya 6y/IM HeOJJHOPA30BO BiJI3HAYeHi Jiep-
»KaBOIO: BiH HArOpO/PKeHU N opJieHaM1 «3HaK nola-
Hu», «Tpygosoro YepsoHoro [Ipanopa», opgeHamMu
Ykpainu «3a 3acayru» I, 11, [II ctynenis, kHa34 Apo-
cynaBa Mygporo IV iV ctyneHnis, [louecHow rpamo-
TOor BepxoBHOI Pagu Ykpainuy, nouecCHUMHU rpamo-
TaMu Ta BifdHakamMu MO3 ta MOH Ykpainu «Bing-
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341 certificates of authorship. More than 40 years
are devoted to training of Doctors and Candidates
of Sciences for higher education and practical phar-
macy; the national school of synthetic chemists was
founded; its scientists trained more than 60 Doctors
and Candidates of Sciences, and (individually and
together with students) created 16 medicines.

In 1997, professor V.P. Chernykh was elected an
associate-member of NAS of Ukraine according to the
results of long-term research in the field of the syn-
thesis of biologically active substances. In the his-
tory of pharmacy of Ukraine this event was the first
example of representation of pharmacy in the aca-
demic science. In 2013, the Presidium of the Acade-
my of Sciences of Ukraine awarded V.P. Chernykh a
badge of honour of NAS for scientific achievements.

V.P. Chernykh is a well-known statesman and pub-
lic figure, initiator of the publication of 7 VAK (Higher
Attestation Commission) scientific journals of Ukraine.
For over 30 years he worked in the VAK Expert Coun-
cils of the USSR and Ukraine. Currently he heads the Ex-
pert Problem Commission «Pharmacy» at the Ministry of
Public Health and NAMS of Ukraine; he is the chairman
of Pharmacy Scientific-Methodological Commission at
the Ministry of Education and Science of Ukraine, a mem-
ber of the Scientific Council of the State Enterprise «Sta-
te Pharmacological Centre» at the MPH of Ukraine, a
member of the Presidium of the Pharmacopoeian Com-
mittee at the MPH of Ukraine, a member of the medi-
cal Scientific Council at the MPH of Ukraine, a member
of the agency of the State Pharmacological Centre for
Drug Registration, a member of the subdivision of Che-
mistry and Chemical Technology of the Committee on
State Prizes in Science and Technology, a member of the
Board of the State Inspectorate for Drug Quality Control
atthe MPH of Ukraine. V.P. Chernykh is a vice-president
of the All-Ukrainian Association of Pharmacists, the pre-
sident of the Kharkiv Pharmacy Association. He was elec-
ted a deputy of the Kyiv District Council of People’s De-
puties of Kharkiv (1986) and the City Council of People’s
Deputies (1985-1987). In 1999, the International Bio-
graphical Centre and American Biographical Institute re-
cognized V.P. Chernykh as one of the 500 most influen-
tial and prominent scientists in the world. He is active-
ly engaged in international and educational activities.

Fruitful work and outstanding achievements of
the famous scientist, educator, organizer, statesman
and public figure were repeatedly marked by the
state: he was awarded the Order «Badge of Honour,
«Red Banner of Labour», Order of Ukraine «For Mer-
it» of the I-st, II-nd, 11I-d classes, Prince Yaroslav the
Wise of the IV-th and V-th class, Diploma of the Ver-
khovna Rada of Ukraine, honorary certificates and
merit badges of the Ministry of Public health and
Ministry of Education and Science of Ukraine, «Ex-
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MiHHUK OXOPOHHU 3/I0POB’si», «BigMiHHUK 0CBiTH YK-
painu», «Bunaxiguuk CPCP», «IleTpo Morusa», Bia-
3HaKow XapKiBcbKoi 06aepkaaMinicTpariii «Cio-
60’KaHCbKa cJ1aBa», KoMy OyJiM MPUCBOEHI MOYeCHI
3BaHH# «3acykeHUH BUHaxifjHUuK YPCP», «3acay-
>KeHUH Jig4 HaykH | TexHikn YPCP». XapkiBcbKka rpo-
MajcbKicTb o6pasia B.Il.UepHux [loyecHuM rpoma-
JAAHUHOM M. XapKoBa.

Haykoeo-nedazoziuHa ma akademiuyHa
2pomMadcbKicms, Ko/lekmue i cmydeHmu
HayioHaibHOo20 hapmaye8smu4HO20 YHi-
eepcumemy, Kose2u, opy3i, y4Hi 8id wu-
poz2o cepys gimaoms 8i00M020 84€HO020,
ma/aHo8umoz0 nedazoz2a, 6udamHo20 op-
2aHizamopa i pepopmamopa suwoi ghap-
Mayeemu4Hoi oceimu, He8MOMHO20 eHmy-
3iacma i nampioma gapmayii, sakuil € sc-
Kpasum npuk./1adom 8iddaH0o20 CAYHCIHHA
iHmepecam oceimu, HayKu, 300po8’s /10-
deil, iHmepecam Hawoi caasHoi YKpaiHu.

Hoesux Bam, BaaneumuHe I[lempoesuuy,
38epuleHs i 311emie, Heau4epnHO20 Meop-
Y020 HAMXHEeHHA ma dogzoaimmsi!

KoJiu BepcTaBcsa HoMmep!

6 6epe3Hs 2015 poky Ha 3arajibHUX 360-
pax HAH Ykpainu pekropa HanjionanbHoro
dbapMalleBTUYHOTO yHiBepCcUTETY npodeco-
pa YepHux B.II. 6ys10 0o6paHoO AilicHUM 4YJie-
HoM (akazeMikoM) HAH Ykpainu 3i cnenianb-
HOCTI XiMid JiKapCbKuX crioayk. Lle 3Hako-
Ba MOJisl B )KUTTI yHiBepcuTeTy i papmanii
B LIIJIOMY.

LllanoeHuili Banenmune Ilemposuuy!
PapmayesmuyHa cniabHoma, sukaadavi
ma cmydenmu HayioHaaeHoz2o ghapmayes-
mMuy4HO20 yHigepcumemy wupo 8imarms
Bac 3 yieo 3HamMeHHOI0 nodi€lo i 6arxca-
10mMb d06p020 300pP08°sl, HOBUX J0CACHEHb
ma gidkpummia!

cellent Worker of Healthcare», «Excellent Worker of
Education of Ukraine», «Inventor of the USSR», «Petro
Mohyla», badge of merit of the Kharkiv Regional Sta-
te Administration «Sloboda glory» («Slobodska sla-
va»), such honorary titles as «<Honoured Inventor of
the USSR», «Honoured worker of Science and Tech-
nology of the UkrSSR.» The Kharkiv community elec-
ted V.P. Chernykh the honorary citizen of Kharkiv.

Scientific-pedagogical and academic
community, the staff and students of the
National University of Pharmacy, colleagues,
friends, followers heartily congratulate
the famous scientist, talented educator,
outstanding organizer and reformer of
higher pharmaceutical education, tireless
enthusiast and patriot of the pharmacy,
who is a perfect example of devotional
service to the interests of education, sci-
ence, health, to the interests of our glori-
ous Ukraine.

We wish you, Valentyn Petrovych, new
achievements and starts, inexhaustible
creative inspiration and longevity!

While composing the issue!

In March, 6, 2015 the rector of the National
University of Pharmacy, professor Chernykh V.P.
was elected as an active member (academician)
of the National Academy of Sciences of Ukraine
in the speciality of Chemistry of Medicinal Com-
pounds at the general meeting of the NAS of
Ukraine. This is a momentous event in the life
of the University and pharmacy in general.

Dear Valentin Petrovich! Pharmacy com-
munity, teachers and students of the Na-
tional University of Pharmacy sincerely
congratulate You with this landmark event
and wish You good health, new achieve-
ments and discoveries!
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METHODS OF SYNTHESIS AND PROPERTIES
OF THIAZOLOPYRIDINES

T.I.Chaban

Lviv National Medical University named after Danylo Halytsky

Key words: thiazolopyridine; synthesis; properties; condensed; pharmacological activity

The review systematizes the theoretical and experimental data concerning methods of synthesis of condensed
thiazolopyridines, which at present have been insufficiently studied, the prospects for their application in the di-
rected synthesis of new physiologically active substances. The recent developments in their pharmacology have
been also analyzed. The available methods for the synthesis of condensed thiazolopyridines can be divided into
two fundamentally different approaches. The first approach is based on annelation of the thiazolidine or thiazole
cycle to the pyridine ring, and the second one use pyridine derivatives as starting materials; their functional
groups make it possible to change the pyridine ring. Methods for obtaining thiazolopyridines using solid media
carriers, and their synthesis with domino reactions deserve a particular attention. Generalization of the scientific
data published confirms that the condensed thiazolopyridines exhibit various biological effects. In particular, they
are characterized by analgesic, anti-inflammatory, antimicrobial, antioxidant and antifungal activities. Due to the
inhibitory action on integrally linked kinase the specified class of compounds can eliminate the hyperproliferative
disorders in the living organisms. It has been found that these derivatives exhibit the antidiabetic, antibacterial
and anti-tuberculosis action. It is known that derivatives of thiazolopyridines have shown a positive effect in the
treatment of sexual dysfunction. Thiazolopyridine derivatives containing the a-amino phosphonate residue at 2
position of the basic heterocycle exhibit a significant anticancer effect.

METOAQU CUHTE3Y TA BIIACTUBOCTI TIA30J10MMIPUONHIB

T.I.Ha6aH

Knrowoei cnoea: miazononipuduHu; cuHmMe3s; ernacmueocmi; aHes8aHHsI; hapMaKkosio2idyHa akmueHiCmb

B o2nsdi cucmemamu3ogaHo meopemuyHUl ma ekcriepuMeHmarnbHull Mamepiarn 3 Memodie CUHMe3y Mariosugqe-
HUX Ha cb0200Hi KOHOEHCOBaHUX Mia3oronipuduHie, NePCrekmueU ix 8UKOPUCMAaHHS Mpu CrpsiMO8aHOMY CUHME3|
HOB8UX (hi3i002idHO aKmuUBHUX PEHOBUH, @ MaKOX rpoaHarsizoeaHi ocmaHHi Q0CsieHEHHS y chapMaKorioaii 3a3Ha4eHol
epynu eemepoyuKrig. IcHyr4i memodu cuHme3y KOHOeHCo8aHUX Mmia30/10mMipuduUHI8 MOXHa YMOBHO nodinumu Ha
08a NMPUHYUMNOB0 Pi3HUX rMi0xo0u, nepwiuli 3 SKUX 2pyHMYyeMbCS Ha aHemo8aHHIi mia3oniduHo8o20 abo mia3osbHO20
yukrny 0o nipuduHogo2o sidpa, a 3a OpyauM CriocoObOM SIK 8UXIOHI PeYO8UHU 8UKOPUCMOBYHOMb MOXIiOHI MipUuduUHy,
QyHKUIOHarbHI 2pyrnu siKux 0arme MOXugicms 00bydysamu s10po nipuduHy. 3acry208yomb Ha yeazy Crioco-
6u dobysaHHs1 mia3ononipuduHis 3 sUKOpUCMaHHAM meepdogha3HUX HOCIIB, @ MaKOX iX CUHME3 i3 3aCmocy8aHHSIM
memodie OOMIHO-peakuill. Y3azarnbHeHHs nimepamypHux 0aHux darome ridcmasu cmeepoxxysamu, w0 Orisi KOHOeH-
cosaHuXx mia3ornonipuduHie ernacmusa pizHornaHosa bionoziyHa akmusHicmb. 3okpema, Onsl HUX XxapakmepHUMU €
aHarneemu4Ha, npomusanasnbHa, aHmuMikpobHa, aHmuokcudaHmHa ma npomuzpubkosa akmueHicmb. 3a paxyHoK
iHeibyroyoi Oif Ha iHmezsparbHO 38’s13aHy KiHa3y, eka3aHUll Krac crioflyk 30ameH ycysamu eineprposnicbepamusHi rno-
PYWEHHST Y )UBUX op2aHi3max. BcmaHoeneHo, w0 3a3HaqdeHi MNoxioHi nposiensitoms npomudiabemuyHy, aHmubakme-
pianbHy ma npomumyb6epKynb0o3Hy Oito. Bidomo, wo noxioHi miazononipuduHie susisuniu noumusHuUll ecpekm ons
YCYHEHHSs1 cmameeoi QUCGhYHKUT. Takox MoXiOHi mia3onomnipuduHy, siKi MiuLyroms y rMoroxKeHHi 2 6a308020 eemepo-
UUKITY a-aMiHOGhoCghoHamHuUU 3aruwioK, 8USIBISI0Mb 3Ha4HUU pomupakosuti echekm.

METO4bl CUHTE3A U CBOUCTBA TUA3OJ10NMNPUONHOB

T.U.YabaH

Knroyeenble cnoea: muasononupuduHbl; CUHME3; ceolicmea; aHHenuUposaHue, hapMakonoauyeckasi akmueHOCMb

B 0630pe cucmemamu3suposaHbl meopemuyeckull U 3KcriepumMeHmarnbHbIl Mamepuarn rno memodam cuHmesa
Masioudy4eHHbIX Ha ce200HsI KOHOEHCUPOBaHHbLIX MUA30I0NuUPUOUHO8, NepcrneKmusbl Ux UCMOob308aHUs nNpu
HarpaeneHHOM CUHMe3e HO8bIX (hU3UOI02UYECKU aKmMUBHbIX 8ELUECM8, & MaKXe NpoaHau3upo8aHsl nocned-
Hue docmusXeHUs1 8 hapMakonioauu yka3aHHoU 2pyrnbi eemepoyuknos. Cywecmsyrowue memoodb! cuHmesa
KOHOEeHCUpOB8aHHbIX MUa30/0MupudUHO8 MOXHO yCII08HO pa3denums Ha 08a NPUHYUNuUaabHO pa3Hbix Nodxooa,
nepeblIli U3 KOMOPbIX OCHO8aH Ha aHHeNUPO8aHUU MUa3oUOUHOB020 UL MUa3oibHO20 YUKIa K MUpUOUHO80-
My 510py, @ Mo emopomy criocoby 8 Kadecmae UCXOOHbIX 8eUIeCme UCMOMb3Ym Pou3e8o0HbIe NUPUOUHA, (hyHK-
UUOHarbHbIe 2pyrbl KOmopbix darom 803MOXXHOCME docmpausame A0po nupuduHa. 3acriyxusarom 8HUMaHUS
crnocobbl nofydYeHuUs mua3ononupuduHoO8 ¢ Ucrofib3osaHueM meepdoghasHbix Hocumernel, a makxe Uux CuH-
me3 ¢ npumeHeHUeM Memodos OOMUHO peakyul. ObobuweHue numepamypHbix OaHHbIX daem OCHo8aHue ym-
sepxdamb, Ymo 05151 KOHOEHCUPOB8aHHbIX Mua3ononupuduHoO8 ceolicmeeHHa pa3HoriaHogasi buonoaudyeckasi
akmusHocmb. B yacmHocmu, 0511 HUX XapakmepHbl aHallbeemuyeckasi, npomueosocnanumernsHas, aHmu-
MUKPOBHasi, aHmuoKkcudaHmHasi u npomueoepubkogasi akmusHocmb. 3a cyem uHaubupyrowe20 delicmeusi Ha
UHMezpasibHO C8si3aHHYI0 KUHa3y yKa3aHHbIU Kracc coeOuHeHuUl crocobeH ycmpaHsimb auneprnponugpepamus-
Hble HapyWweHUs 8 XUBbIX op2aHU3Max. YcmaHo8neHo, 4Ymo yKkaszaHHble Mpou3eoOHbIe MPOosieNsitom npomueo-
Ouabemuyeckoe, aHmubakmepuarnbHoe u npomusomybepkyne3Hoe deticmeaue. M138eCmHO, 4mo rnpou3eo0HbIe
mua30710nupudUHO8 NPOS8UIIU MOOXUMErbHbIU 3¢bghekm Onisi ycmpaHeHus nonoeol ducehyHKyuu. Takxe npo-
U3800HblIe mua3osnionupuduHa, codepxaujue 8 NoMoXeHUU 2 6a308020 2emepoyuKia a-aMUuHOGOCHoHamHbIL
0CmMamox, rnposieisitom 3Ha4YumersibHbIU Mpomueopakosbili aghghekm.
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The fundamental aspects of chemistry and phar-
macology of 4-thiazolidones were elucidated in a num-
ber of review publications [1, 2, 3, 4], while the infor-
mation concerning the chemistry of fused thiazoles
with the exception for condensed benzothiazoles pos-
sessed a sporadic character. Thiazolopyridines are
also insufficiently studied, while they are of greater
interest from the point of their physiological action
if compared with their monocyclic constituents.

There are two fundamentally different methods
of the thiazolopyridine system construction. The first
method is based on annelation of the thiazolidine or
thiazole cycle to the pyridine ring. As to the second
one, the pyridine derivatives are used as precursors
for the thiazole ring construction on account of their
functional groups (Scheme 1).

Methods for the synthesis of thiazolopyridi-
nes by modification of thiazolidone-4 and thiazo-
le derivatives. The convenient method for the syn-

NH,OH

o

Scheme 2

thesis of 3H-thiazolo[4,5-b]pyridine-2-one derivatives
is the use of 4-iminothiazolidin-2-one as a starting
substance firstly obtained by I.D. Komaritsa by heat-
ing iso-rhodanine with 25% NH,OH [6] (Scheme 2).

The interaction of the substance mentioned above
with some (-carbonyl compounds leads to formation
of the hard-to-get 3H-thiazolo[4,5-b]pyridines with
the yield of 79-100% [7-10] (Scheme 3).

One of the methods of the pyridine cycle annela-
tion to the thiazole ring is based on the three-com-
ponent condensation of 4-aminothiazole derivatives
with both aromatic or aliphatic aldehydes and Mel-
drum acid. The yield of the target products is equal
to 44-65% [11-15] (Scheme 4).

The cyclization of 4-formylamino-5-acyl substi-
tuted thiazoles either with bases or with acetic acid
leads to 7-hydroxy-2-(methylsylfanyl)-thiazolo[4,5-b]
pyridines with the yield of 70% [16] (Scheme 5).

Under the condensation of 4-amino-5-benzoyl-
2-phenylthiazoperchlorate with ketones at 130-150°C,
thiazolo[4,5-b]pyridines with the yields of 46-64%
are formed [17] (Scheme 6).

5-Aminothiazoles with the unoccupied C* posi-
tion can interact with diethyletoximethylenemalo-
nate forming the intermediate, which when heating

Me
/N O }\ Okﬁ\(
R \ / k Me  OEt R \ /
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Me
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undergoes cyclization to form thiazolopyridine with
the yield of 90%, while in interaction with POCl,, the
chlorine derivative of this thiazolopyridine is ob-
tained with the yield of 53% [18] (Scheme 7).

[socyanate is commonly prepared by heating
2(E)-3-(2-phenyl-1,3-thiazole-4-yl)acryliozide in bi-
phenyl ether, then it is cyclized into phenylthiazo-
lopyridine-4-ol with the yield that exceeds the level
0f90% [19] (Scheme 8).

Due to the interaction of bis(methylthio) methy-
lenemalonononitrile with 4-amino-2-phenylthiazole,
thiazolopyridine is obtained [20] (Scheme 9).

The use of acetoacetic ether in the reaction with
2,4-diamino-thiazoles and acetylacetone, 2-amino-
7-5,7-dimethylthiazolo[4,5-b]pyridine and 2-amino-
7-methyl-4H-thiazolo[4,5-b]pyridine-5-ones were ob-
tained [21] (Scheme 10).

The accessible method for obtaining of thiazolo
[4,5-b]pyridines is the use of 2-(5-aryliden-4-oxo-2-
thioxothiazolidine-3-ilamino)-N-aryl-2-thioxoacetami-
des as the starting substances. When boiling the given
derivatives with ethyl cyanoacetate in the ammonium
acetate solution in acetic acid within 4 hours, the sub-
stituted 2-thioxothiazolopyridine-6-carbonitryls are
obtained with the yields of 50-55%. The yields of the
abovementioned heterocycles may be considerably
increased with the use of micro-wave irradiation. While
carrying out this particular reaction and due to the
micro-wave irradiation the corresponding 5-oxo-2-
thioxo-6-cyano-4,5,6,7-tetra-hydrothiazolo[4,5-b]py-
ridines are prepared with the yield of 88-92% [22,
23] (Scheme 11).

Among the methods of the thiazolo[4,5-b]pyridi-
ne system construction, the cyclocondensation based

SMe
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H,N =~ > SMe MeS. NN
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Scheme 12

on the substituted 4-amino-5cyano-2,3-dihydro-1,3-
1,3-triazoles proceeding with the participation of the
enaminonitrile fragment is worth noting [24-25]. The
abovementioned reaction is carried out when heating
N-(5-amino-4-cyano-3-phenyl-3H-thiazolo-2-ilden)-
4-metoxo-N-N-phenylbezamidine with the aceto-ace-
tic ester or cyclohexanone in the presence of tin tetra-
chloride in 1,2-dichloroethane within 5-6 hours and
results in formation of ethyl ester of 7-amino-2-(4-
methoxo-N-phenyl-benzimidoilmino)-5-methyl-3-
phenyl-2,3-dihydrothiazole[4,5-b]pyridine-6-carboxy-
lic acid with the yields greater than 80% (Scheme 12).
Taking into account the interaction of 6-(4-chlo-
rophenyl)-3-phenylthiazolo[4,5-e][1,2,4]triazene with
bicyclo[2,2,1]hepta-2,5-diene, M.M.Krayushkin with
co-authors [26, 27] initiated an original method of
synthesis of the problematic thiazolopyridines. This
reaction is carried out under high pressure in the pre-
sense of lithium perchlorate as a catalyst. The yield
of 2-(4-chlorophenyl)-5phenylthiazolo[4,5-b]pyridi-
ne in this case is equal to 97% (Scheme 13).
V.0.laroshenko and co-authors [28] in order to ob-
tain thiazolopyridines suggested the interaction of

P N\ s
/ clr +
N~ TN

)
Ph)\

L|CIO Et,0

1500C, 500 MPa

2-aminothiazole-4(5H)-imine salts with different 1,3-
CCC-dielectrophils; it led to the target compounds
with the yields in the range of 14-85% (Scheme 14).

A great number of reactions of conjugated thiolato-
nitriles with 2-bromide-1-arylethylidenemalononit-
riles leads to obtaining 2,5-diamino-7-phenylthiazo-
lo[4,5-b]pyridine-6-carbonitrile derivatives with high
yields [29, 30] (Scheme 15).

Methods of the thiazolopyridine synthesis by
transformation of pyridine derivatives. The struc-
ture of the thiazolidine ring by means of cyclization
of the functional groups of pyridine that results in
formation of thiazolopyridines is widely elucidated
and represented in a vast majority of publications.

The interaction of 2-mercapto-3-aminopyridines
obtained from the corresponding chloraminopyri-
dines with acids or with their anhydrides results in
thiazolopyridines formation with the yields of 60-
70% [31, 32] (Scheme 16).

While carrying out the reactions of 3-amino-2-
chlorpyridines with ortho-alkylthiocarboxylic acids
esters at first the amino group is activated by N-me-
thylation with ethylmagnesiumbromide, butyllithium

Ph

97%
Scheme 13
R? R2
NH, CICH,CN N ~—N
2 o O S
R',N AN — / )\R1 N —————————————> _ N,R
S S
S
R',N = ALk,N, H,N, NHAIk, NHAr R?
= CF;, CF,CCI
R2=CF3, OH, Ar, Het
Scheme 14
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Scheme 16
EtO
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SN Sc R'= CHy p-MeCH,, Me, SH,styryl SN S
Scheme 17

or sodium hydride, then it is treated by thioesters.
The yields of the target compounds in this case are
equal to 70% [33-35] (Scheme 17).

Thioureas obtained from aminochlorpyridines and
alkyl-, aryl- or ethoxycarbonyl isothiocyanate undergo
further cyclization with the chlorine atom replace-
ment. The yields of the final thiazolopyridines are
equal to 60-70% [36-38] (Scheme 18).

Thiazolopyridines were obtained from thiourea
of pyridine series when treating with bromine gene-
rated with HBr in DMSO [39] (Scheme 19).

5-Amino-2-chlorpyridine is transformed into 2-
aminothiazolopyridine with the yield of 91% by means

of interaction with sodium rhodanide in the presence
of bromine in acetic acid [40] (Scheme 20).

The interaction of 3-amino-1H-tetrazol-5-ylsulfanil-
substituted pyridines with hydrochloric acid in etha-
nol results in formation of 2-aminothiazolo[5,4-b]py-
ridines with the yield of 40-80% [38] (Scheme 21).

In cyclization of pyridyldithiocarbomates with
alkalis in ethanol the mixture of thiazolopyridinthiol
(86%) and N,N-diisopropylthiazolopyridin-2-amine
(14%) [41, 42] is obtained (Scheme 22).

As the result of ortho-amino(diisopropyldithio-
carbomato)pyridines treatment with carboxylic acid
in the presence of POCL,, thiazolo[4,5-b]pyridines or

NH
B 2 XN
| RNCS q\}NHR-Hm
— —
N~ ~cl N S
NH
NT Sy RN N
| RNCS | D—NHR - HCI
_ _—
cl S
R = Alk, Ar, COOEt
Scheme 18
H NH N
AN 2
\ T N‘ P \>7NH2
N~ S Hbr, DMSO S
” O
» o
Scheme 19
X NH2 X N
S—NH
» NaNCS - S% )
cl N Br,, AcOH of N
Scheme 20
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~
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thiazolo[5,4-c]pyridines with moderate yields [43]
are obtained (Scheme 23).

Similarly, 2-substituted thiazolo[4,5-b]pyridines
are obtained when treating ortho-amino(diisopro-
pyldithiocarbamato)pyridines with acid chlorides in
dichlormethane in the presence of triethylamine with
subsequent boiling in hydrochloric acid [44].

Thiazolo[5,4-c]pyridine was obtained with the help
of a multistage reaction with tert-butyloxycarbonyl-
aminopyridine. The amide cyclization is performed
by heating in formic acid with the yield of 20% [44]
(Scheme 24).

Starting with ortho-nitrochlorpyridines, 2-methyl-
1,3-thiazolo[4,5-b]- and thiazolo[4,5-c]pyridines [40]
were obtained. The aim was to determine the effect
of their derivatives on the Koch’s bacillus [45, 46].
The reaction occurs via the stage of disulfide forma-
tion with its further reduction by zinc. The yields
of 2-methyl-1,3-thiazolo[4,5-b]- and thiazolo[4,5-c]
pyridines are about 50% (Scheme 25).

N
N

» S—NHR
N S

XN XN
— S—sH * |l S—N(i-Pr
j\ C,H,OH NK\;/LS% N, S>7 (i-Pr),

86% 14%

One of the promising methods of the thiazolopy-
ridine synthesis is the use of 2-chloro-3-nitropyridi-
ne and 4-chloro-3-nitropyridine. KWalczyn’ski and
co-authors [47] while treating the abovementioned
compounds by hydrogen sulfide in the aqueous solu-
tion of sodium hydroxide in the presence of sodium
sulfide and carbon bisulfide were successful in ob-
taining thiazolopyridine-2-thiones; the methylation
of them by methyl iodide in the dimethyl ether ethy-
lene glycol medium results in 2-methylsulfanilthi-
azolopyridines (Scheme 26).

These authors also suggest to use N-(3-and N-(5-
diisopropylthiocarbomoyl-pyridine-2-yl)-2,2 dime-
thyl-propionamides, which in the result of hydrolysis
in 20% ethanol solution of sodium hydroxide form the
target thiazolopyridine, while their further methyla-
tion leads to the corresponding 2-methylsulfanilthi-
azolopyridines (Scheme 27).

In order to find the substances with the antican-
cer activity Gu L. and co-authors developed the me-

DN 2
| POCI NapeN
Z g + R—-COOH ——~3 | S—R
)
~
(i-Pr), N© S
o NH,
N‘ POCI XN
Z g + R-COOH — 5 | S—R
N _~—g
~
(P, N© S
R=Alk, Ar
Scheme 23
o) o)
)k CH, L CH,
HN SO HN™ SO N
H,C CH, — = Hs H,C CH, E— N‘ \>
| | 7S
— —
N N
Scheme 24
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thod for obtaining thiazolo[5,4-c]pyridine derivati-
ves that contain the 2 a-aminophosphonate residue.
The initial substances used to perform this transfor-
mation are 3-nitro-2-brompyridine, 1-aminophospha-
nate and CS,. The reaction takes place in the DMFA
medium in the presence of solutions of CuCl,2H,0,
SnClL,«2H,0 and K,CO,. The yields of the target pro-
ducts are equal to 78-82% [48] (Scheme 28).

CH, S
HC AL N)\CHa NK;[ =s
)L s
N Hc CH, /

>

\ X
U0

\ >7CH3
=~ s

One of the methods to obtain 2-arylthiazolo[5,4-b]
pyridines is based on using N-(2-chloro-pyridine-3-
ylDarylamides [49]. These aryl amides are obtained
by acylation of 2-chloro-pyridine-3-ylamine with acyl
chlorides of aromatic acids according to Shotten-Bau-
man reaction. The compounds are subjected to thio-
nation with phosphorus pentasulfide in the pyridine
medium or Lawesson’s reagent (LR) in the medium of

N
(;[ S—sCH,
/ S

C,H.OH CH,1/CH,O(CH,),0CH,
o NaOH o
H.C \ H \
HC NH ‘s CH, NN No N
3 \
HC NS N)\CH | )= @ )—SCcH,
‘ )\ 3 = S S
=
H,C CH,
Scheme 27
NO CuCl, 2H,0 Q
XN 2 SnCl, - 2H P—OEt
‘ + EtO /OE}\lH + CS 2420> ‘ - A\ N&( OEt
Z - 2 2 DMFA, K,CO _ H
N Br » M3 Ph
Ph
Scheme 28
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hexamethylphosphoramide (HMPA) to form 2-aryl-
thiazolo[5,4-b]pyridine (Scheme 29).

The authors underline that the yields of the tar-
get products are considerably higher when Lawes-
son’s reagent is applied. Obtaining of the mixture of
2-aryl thiazolo[5,4-b]pyridines and 2-aryl thiazolo
[4,5-c]pyridines by means of photolysis of N-pyridi-
ne-3-yl-thioarylamides in the hexane medium is also
suggested in the same work. It has been found that
the target thioarylamides that perform the function
of the initial substances in this reaction may be ob-
tained both by N-pyridine-3-ylaryl amides thiona-
tion with the yield of 9% and by interaction of pyri-
dine-3-yl-amine with thiobenzoate acid ortho-ethyl
ether in the presence of Grignard reagent with the
yield of 68% (Scheme 30).

Thiazolopyridines were obtained by thioamide py-
ridine oxidation using hexacianoferrate potassium in
the alkaline medium [50] (Scheme 31).

The new approach to formation of thiazolo[4,5-b]py-
ridines or thiazolo[5,4-b]pyridines systems is based on
the method of oxidative cyclization of monothioxami-
des. In this method a-chloracetamides and amino de-
rivatives of pyridine (pyridine-2,6-diamine and pyri-
dine-3-ylamine) are the initial substances, which
form monothioxamides at the first stage, and they
are oxidized in the NaOH solution under the action
of K;[Fe(CN),] at 50°C with cyclization to the target

N

U

Scheme 31

Ar
Ij LR/HMPA (I a

N
EtMgBr OEt N
P o+ @
S NH
N S S
N " N
Ph \ Ph
(et L

38%

5-aminothiazolo[4,5-b]pyridines-2-carboxamides or
thiazolo[5,4-b]pyridines-2-carboxamides [51-54] at
the next stage (Scheme 32).

Proceeding from the derivatives of 2-chloropyri-
dine-3-ylamine and (2,4-dihydroxyphenyl)-[(2.4-di-
hydroxyphenyl)-thioxo-methano-sulfinyljmethane-
thione using one pot synthesis, (1,3-thiazolo[5,4-b]
pyridine-2-yl)benzendiols [55] (Scheme 33).

Synthesis of thiazolo[4,5-b]pyridines using so-
lid-phase carriers. There are also instances of ob-
taining 1,3-thiazolo[4,5-b]pyridine derivatives based
on using solid-phase carriers [56]. This method is
carried out based on Torp Ziegler cyclization at the
first stage, and at the next stage - on Friedlander’s
reaction in the conditions of micro-wave activation
with further electrophilic displacement by amines.
The given transformations provide obtaining of 2,5,
6,7-tetrasubstituted derivatives of thiazolo[4,5-b]py-
ridine (Schemes 34, 35).

Synthesis of thiazolo[4,5-b]pyridines using “do-
mino” reaction methods. The new combinatorial me-
thod of obtaining the substituted thiazolo[4,5-b]pyri-
dines has been developed by the Institute of Organic
Chemistry named after M.D.Zelinsky. It is based on
the use of “domino” reactions of the following type:
Sy2 — Torp Ziegler reaction — Guareschi-Thorpe re-
action [57, 58]. The initial substances in this method
are cyanoacetamides heterocumulenes (isothiocyana-

Q + s + R— NH - > (jY
—
N Me

\ N N=
I
xS N=
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tes, sulfur carbonate) and ethyl-4-chloracetylaceta-
te, which are able to form the target thiazolo[4,5-b]
pyridines due to “domino” reactions (Scheme 36).

The products obtained are used with aldehydes
and malononitrile in another “domino”reaction of the
type: Knoevenagel’s reaction — Michael’s reaction
— Torp Ziegler reaction for the synthesis of the sub-
stituted 4,6-dihydro-5H-pyrano[2,3-d]thiazolo[4,5-b]
pyridines (Scheme 37).

Pharmacological effects. The combination of com-
binatory chemistry and highly effective pharmacolo-
gical screening has made possible identification of a
large group of cell biotargets. The abovementioned
fact promoted to more effective study and understan-
ding of the details of the mechanism of action of phar-

f — 1
OH
Knoevenagel’s

Michael’s reaction

Thorp-Ziegler
reaction

macological agents, as well as the considerable ex-
pansion of chemical compounds as potential drugs.
The application of the aforementioned strategy has
become a key factor in the rapid development of the
pharmacological potential of the condensed thiazole
and thiazolidone derivatives and allowed to discover
new pharmacological effects of the given compounds,
as well as further develop the peculiarities of the me-
chanisms of action revealed earlier due to the de-
tailed elaboration at the “ligand - receptor” level.
Thus, thiazolopyridine derivatives demonstrate
the analgesic, anti-inflammatory, antimicrobial and
antifungal [8, 59-64]) activities. Due to the inhibi-
tory action on integrally linked kinase the specified
class of compounds can eliminate the hyperprolifera-
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tive disorders in the living organisms [65-67]. The
antidiabetic [68], antibacterial [69], antituberculo-
sis [70], anti-inflammatory [71, 72] effects were de-
termined. It is known that thiazolopyridine deriva-
tives show a positive effect in the treatment of the
sex dysfunction [73]. Among this type of compounds
there are substances that act as agonists of H3-his-
tamine receptors [48], antagonists of metabotropic
glutamate receptors 5 (mGLuR5) [74] with a high
inhibitory activity in relation to receptors of the epi-
dermal growth factor [75] and a number of other
enzymes [76, 77]. Gu L. and co-authors have found
that thiazolopyridine derivatives, which contain the

a-amino phosphonate residue in position 2 of the
basic heterocycle, possess a considerable anticancer
effect [49]. The antioxidant activity is also typical for
the aforementioned class of compounds.

Conclusions

The analysis and systematization of the literature
references have been performed concerning the me-
thods of synthesis and properties of thiazolopyridi-
nes. Thus, wide synthetic opportunities and their high
pharmacological potential have been proven to be the
indisputable reasons for the systematic research of
the type of compounds described.
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SYNTHESIS AND THE ANTIMICROBIAL ACTIVITY OF 1-ALKYL-
5-METHYL-3-PHENYL-6-(5-PHENYL-1,3,4-OXADIAZOL-2-YL)
THIENO[2,3-d]PYRIMIDINE-2,4 (1H,3H)-DIONES

S.V.Vlasov?, T.P.Osolodchenko®, S.M.Kovalenko?, V.P.Chernykh?

2 National University of Pharmacy
53, Pushkinska str., Kharkiv, 61002, Ukraine. E-mail: kosn@ukrfa.kharkov.ua
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Key words: thiophene; pyrimidine; alkylation

An effective approach for synthesis of 5-methyl-3-phenyl-6-(5-phenyl-1,3,4-oxadiazol-2-yl)thieno[2,3-d]pyrimi-
dine-2,4(1H,3H)-dione by 1,1’-carbonyldiimidazole promoted interaction of 5-methyl-2,4-dioxo-3-phenyl-1,2,3,4-
tetrahydrothieno[2,3-d]Jpyrimidine-6-carboxylic acid with benzohydrazide has been developed. The procedure
also includes cyclization of N’-benzoyl-5-methyl-2,4-dioxo-3-phenyl-1,2,3,4-tetrahydrothieno[2, 3-d]pyrimidine-
6-carbohydrazide obtained by boiling in phosphorous oxychloride and further hydrolysis of the chlorine atom at
position 2 of the thieno[2,3-d]pyrimidine system. Alkylation of the assembly of two heterocyclic units obtained
with benzyl chlorides, chloroacetamides, and 5-(chloromethyl)-3-aryl-1,2,4-oxadiazoles has allowed obtaining
of 1-alkyl-5-methyl-3-phenyl-6-(5-phenyl-1,3,4-oxadiazol-2-yl)thieno[2,3-d]pyrimidine-2,4(1H,3H)-diones. The struc-
tures of the compounds obtained have been confirmed by the 'H NMR, chromato-mass spectral and elemental
microanalysis data. The results of the screening performed by the agar diffusion method (“well method”) have
shown the absence of the antimicrobial activity for 1-benzyl-5-methyl-3-phenyl-6-(5-phenyl-1,3,4-oxadiazol-2-yl)
thieno[2,3-d]pyrimidine-2,4(1H,3H)-diones and 2-[5-methyl-2,4-dioxo-3-phenyl-6-(5-phenyl-1,3,4-oxadiazol-2-yl)-
3,4-dihydrothieno[2,3-d]pyrimidin-1(2H)-yl]-N-arylacetamides; but the activity for 1-{[3-aryl-1,2,4-oxadiazol-5-yl]
methyl}-5-methyl-3-phenyl-6-(5-phenyl-1,3,4-oxadiazol-2-yl)thieno[2, 3-d]pyrimidine-2,4(1H,3H)-diones has been
found. The compounds of this range appeared to be active against the strains of Staphylococcus aureus,
Escherichia coli and Bacillus subtilis; the diameters of their growth inhibition zones were similar to those for the
reference drugs Metronidazole and Streptomycin.

CUHTE3 TA AHTUMIKPOBHA AKTUBHICTb 1-AJIKI/1-5-METWJ1-3-®EHIJI-6-(5-®EHIJI-1,3,4-OKCAIA30]1-
2-1NM)TIEHO[2,3-d]NMIPUMIONH-2,4(1H,3H)-4IOHIB

C.B.Bnacoes, T.I[1.0conodyeHko, C.M.Koeanerko, B.I1.YepHux

Knrovoei cnnoea: miogheH; nipumiduH; asnkinoeaHHs

Po3pobneHo echekmusHull nidxid do cuHmesy 5-memur-3-¢peHin-6-(5-gperin-1,3,4-okcadiazon-2-in)mieHo[2, 3-d]
nipumioun-2,4(1H,3H)-dioHy wnsxom npomomosaHoi 1,1’-kapboHindiimidazonom ezaemodii 5-memur-2,4-0iokco-
3-¢beHin-1,2,3,4-mempaeiopomieHo[2, 3-d]nipumiOuH-6-kapb6oHo80I kucriomu 3 6eH30zidpasudom. [Mpouyedypa
MmaKoX 8Krtoyae HacmynHy yuknizauito ompumaHo2o N’-6eH30in-5-memurn-2,4-0iokco-3-¢peHin-1,2,3,4-mempa-
2idpomieHo[2,3-d]nipumiduH-6-kapbozidpasudy Kum’smiHHSAM y Xr10poKuci gpocchopy ma nodanbwiull 2idponi3
amoma Xsopy y MosioxeHHi 2 mieHo[2,3-d]nipumiduHosoi cucmemu. AKinneaHHs ompuMaHo20 080/1aHKO8020
aHcambriro 2cemepouukiie beHaunxmnopudamu, xropoauemamidamu ma 5-(xnopomemur)-3-apun-1,2,4-okcadiazo-
namu do3zsonunno ompumamu 1-ankin-5-memun-3-gpeHin-6-(5-¢cbenin-1,3,4-okcadiadon-2-in)mieHo[2, 3-d]nipumi-
OuH-2,4(1H,3H)-8ioHu. Cmpykmypu ompumaHux criosiyk 6yrnu nidmeepoxeHi Ha ocHosi daHux 'H SIMP, xpomamo-
Mac criekmpie ma efieMeHmHo20 aHanidy. 3a pesynbmamamu CKpuHiHay memodom Ouabysii 8 azap («memod
Kor100s13i8») 8cmaHoeneHo 8idcymHicmb aHMUMIKpobHOI akmugHocmi y 1-6eH3ur-5-memuri-3-gheHin-6-(5-cheHin-
1,3,4-okcadiazon-2-in)mieHo[2, 3-d]nipumiduH-2,4(1H,3H)-0ioHie ma 2-[5-memunr-2,4-0iokco-3-¢beHirn-6-(5-cheHir-
1,3,4-okcadiazon-2-in)-3,4-0ueidpomierHo[2, 3-dJnipumiouH-1(2H)-in]-N-apunauemamidie, a maKkox HasigHicmb aHmMu-
MikpobHoi akmusHocmi Onsi 1-{[3-apurn-1,2,4-okcadiason-5-injmemur}-5-memun-3-¢peHin-6-(5-gpenin-1,3,4-okca-
Oiazorn-2-in)mieHo[2, 3-d]nipumioun-2,4(1H,3H)-0ioHis. [daHi pe4osuHu sussuiu aHmMuMikpobHy akmueHicmb 00
wmamis Staphylococcus aureus, Escherichia coli ma Bacillus subtilis i3 3HayeHHAMU 30H 3ampuMKU pocmy,
6nusbkumu 00 rpenapamis MopieHSIHHS MempPOoHI0a3oly ma cmpenmoMiyuHy.

CUHTE3 U TIPOTUBOMUKPOBHAS1I AKTUBHOCTD 1-AJIKWUJ1-5-METWJ-3-®EHNI-6-(5-®EHWII-1,3,4-OKCA-
ANA30J1-2-UI1) TUEHO([2,3-d][TUPUMWLONH-2,4(1H,3H)-UWOHOB

C.B.Bnacoes, T.[1.0OconodyeHko, C.H.KoeaneHko, B.I1.YepHbix

Knrodesnie cnoea: muogheH,; nupumuduH; ankuiuposaHue

PaspabomaH aghghekmugHbIli no0xo0 K cuHmesy 5-memur-3-gpeHun-6-(5-cpeHurn-1,3,4-okcadualon-2-un)mueHo
[2,3-d]nupumudun-2,4(1H,3H)-0uoHa nymem npomomuposaHHozo 1,1’-kapboHunduumudasonom gsaumooel-
cmeusi 5-memurn-2,4-0uokco-3-¢peHun-1,2,3,4-mempacudpomueHo[2, 3-djnupumuduH-6-kapboHo80oU Kuciomsl
¢ 6eH3ozaudpasudom. lMpouedypa makxe g8ko4aem yuknusayuto rnonydyeHHozo N’-6eHsoun-5-memurn-2,4-0u-
okco-3-gperur-1,2,3,4-mempazudpomueHo[2, 3-dJnupumuduH-6-kapboeudpasuda KurnssHeHUeM 8 X/I0poKUcU ¢hoc-
¢opa u GanbHelwuli 2uGpoOIU3 amoma Xsiopa 8 rnosioxeHuu 2 mueHo[2,3-djnupumuduHosol cucmemsi. AnKu-
JiuposaHue nosy4yeHHo20 08yX38eHHO20 aHcaMbrisi 2emepoyukios beHaunxnopudamu, xnopauemamudamu u
5-(xnopmemurn)-3-apun-1,2,4-okcaduasonamu ro38ousio rnonay4ums 1-ankun-5-memur-3-gpeHus-6-(5-cpeHun-
1,3,4-okcadua3zon-2-un)mueHo[2, 3-dJnupumuduH-2,4(1H,3H)-0uoHbl. CmpyKmypb! AOMyYeHHbIX COeOUHeHUU bbiru
nodmeepx0eHbl Ha 0cHose 0aHHbIx 'H SIMP, xpomamo-mac crnekmpos u arieMeHmHo20 aHanusa. 1o pesyris-
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mamam cKkpuHuHaa memoodom Ouchghy3uu 8 azap («memod Koroduea») ycmaHo8IeHo omcymcmeue npomueo-
MUKPOBHOU akmusHocmu y 1-6eH3urn-5-memurn-3-¢peHurn-6-(5-cpeHur-1,3,4-okcaduason-2-un)mueHo[2, 3-d]nu-
pumuduH-2,4(1H,3H)-0uoHos u 2-[5-memun-2,4-0uokco-3-cpeHun-6-(5-¢peHun-1,3,4-okcaduason-2-un)-3,4-0u-
audpomueHo|2,3-dJnupumuduH-1(2H)-un]-N-apunauemamudos, a makxe Hanu4ue rnPomMuUeoMUKpobHOU akmus-
Hocmu 0ns 1-{[3-apun-1,2,4-okcaduason-5-unjmemur}-5-memun-3-gpeHun-6-(5-gpeHurn-1,3,4-okcaduason-2-us)
mueHo[2,3-d]nupumuduH-2,4(1H,3H)-0uoHos. [aHHble seuwiecmea nposguiu npomueoMUKPOBOHYH akmueHOCMb
Kk wmammam Staphylococcus aureus, Escherichia coli u Bacillus subtilis co 3HayeHusiMu 30H 3a0epxKu pocma,
651U3KUMU K rpernapamam CpasHeHUst MempoHUOa3osy U CMpenmoMuyuHy.

In the last years the modification of position 6 of
the thieno[2,3-d]pyrimidine system with 1,3,4-oxadi-
azole substituents has become popular as the way for
obtaining of the novel biologically active compounds.
The first attempt of such synthesis was cyclization
of thieno[2,3-d]pyrimidin-6-carboxylic acids hydrazi-
des with orthoesters [1], or by cyclization using treat-
ment with phosphorous oxychloride of the products
of similar hydrazides acylation with acyl halides [2].
The authors of the article [3] also proposed applica-
tion of the one-pot method where the corresponding
hydrazide reacts with thieno[2,3-d]pyrimidin-6-carb-
oxylic acid right in the POCl; media. Recently we have
reported the approach using generated in situ imi-
dazolide of thieno[2,3-d]pyrimidin-6-carboxylic acid
for the reaction with benzohydrazide suitable for pre-
paration of the product, which after cyclization in phos-
phorous oxychloride allows forming the 1,3,4-oxadi-
azole cycle in position 6 of thieno[2,3-d]pyrimidine
[4]. Our previous data also reported about some deri-
vatives of thieno[2,3-d]pyrimidine ranges modified at

C‘) :
NH
Q N 1) CDI, 2) PACONHNH, /

position 6 with azole heterocyles as the compounds
with the promising antimicrobial activity [2, 4, 5, 6].

In view of such biological activity potential of
5-methyl-3-phenyl-6-(5-phenyl-1,3,4-oxadiazol-2-yl)
thieno[2,3-d]pyrimidine-2,4(1H,3H)-diones and in order
to investigate the scope of the method previously pro-
posed for modification of thieno[2,3-d]|pyrimidine po-
sition 6 with 1,3,4-oxadiazole we have performed the
interaction of 5-methyl-2,4-dioxo-3-phenyl-1,2,3,4-
tetrahydrothieno[2,3-d]|pyrimidine-6-carboxylic acid
[6, 7] imidazolide with benzohydrazide.

As the result of our experiment N’-benzoyl-5-me-
thyl-2,4-dioxo-3-phenyl-1,2,3,4-tetrahydrothieno
[2,3-d]pyrimidine-6-carbohydrazide 2 was isolated;
its further cyclization was performed by heating in
phosphorous oxychloride (Scheme). The 2-chloroin-
termediate obtained was hydrolyzed to 5-methyl-3-
phenyl-6-(5-phenyl-1,3,4-oxadiazol-2-yl)thieno
[2,3-d]pyrimidine-2,4(1H,3H)-dione 3 by heating in
the water-acetic acid medium after the continuous
heating.
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Table 1
Physico-chemical properties of 1-alkyl-5-methyl-3-phenyl-
6-(5-phenyl-1,3,4-oxadiazol-2-yl)thieno[2,3-d]pyrimidine-2,4(1H,3H)-diones 5, 7 and 9
ield 9 N%
Compd A Mol. formula . hYlellclj( /|°' . M.p., °
No. r Mow. in the alkylation °C calc.
step found
CysH5N,055 ) 11.37
>a CeHs 499 56 87 295-297 e
4 CyoH,N,055 . 11.06
5b C,H,-4-CH, it 2o 85 290-291 T3
. C,eH,F,N,0.5 ] 10.60
5¢ CH,3,4-diF Sgeh 83 266-267 1079
C29H21NSO4S w
7a CeHs 535.59 76 >300 13.20
N C,oHyNLO,S 12.74
7b CH,-4-CH, ey 83 >300 575
Ao C5,H;,N0,S 12.12
7c CH,-4-i-Pr iy 79 >300 534
g C,,H,sN.O,S 11.76
7d C,H,-3,4-diOMe ot ea 68 >300 T8
N C,,H,.N.0.S 12.08
7e CH,-4-OFt o2 ea 85 >300 5
o C.,H,,CIN.0,S ] 11.99
7f CH,-4-Me-2-Cl a8 92 297-298 503
N C,H,,N0,S ] 14.63
% C,H,-4-CH, o o 63 272-273 275
5 C;H,,CINGO,S i 14.12
%b C,H,-2-Cl 0504 68 215-217 1137
N C,,H,,CIN,O,S ] 14.12
9% C,H,-4-Cl o508 59 281-283 1230

The further modification of product 3 was per-
formed by its alkylation with benzyl chlorides 4, chlo-
roacetamides 6 and 5-(chloromethyl)-3-aryl-1,2,4-
oxadiazoles 8; using this versatile synthetic proce-
dure 1-alkyl-5-methyl-3-phenyl-6-(5-phenyl-1,3,4-oxa-
diazol-2-yl)thieno[2,3-d]pyrimidine-2,4(1H,3H)-di-
ones 5,7,9 were obtained. All of the final products
were isolated as crystalline substances with high mel-
ting points (Tab. 1).

The structures of all of the compounds obtained
were confirmed by the data of 'H NMR spectrosco-
py and elemental analysis. In all spectra of 1-alkyl-
5-methyl-3-phenyl-6-(5-phenyl-1,3,4-oxadiazol-2-yl)
thieno[2,3-d]pyrimidine-2,4(1H,3H)-diones 5,7,9 ob-
tained (Tab. 2) the signals of the methyl group pro-
tons at the thiophene ring are observed in the range
of 2.82-2.87 ppm. The signals of the methylene group
protons are located for compounds 5 at 5.21-5.26 ppm,
while for the derivatives of acetamides 7 at 4.85-4.96 ppm;
such location of these signals well correlate with the
previously reported data [6, 8, 9] confirming the al-
kylation of the nitrogen atom at position 1, but not
the oxygen attached at position 2. For compounds 9
of the (3-phenyl-1,2,4-oxadiazol-5-yl)methylene range
the signal of the methylene group is observed at 5.68-

22

5.74 ppm. All of the spectra of compounds 7 contain
the signal of the NH fragment in the range from 10.05
to 10.47 ppm.

The antimicrobial activity of the compounds ob-
tained was evaluated by the agar diffusion screening
method (“well method”) [10, 11]. The results showed
that compounds 5 and 7 tested did not reveal any an-
timicrobial activity, however, compounds 9 showed
the antimicrobial effect against the strains of Staphy-
lococcus aureus, Escherichia coli and Bacillus subtilis;
the diameters of their growth inhibition zones were
similar to those for the reference drugs Metronida-
zole and Streptomycin (Tab. 3).

Experimental Part

Chemical Part

The melting points (°C) were measured with a
Koeffler melting point apparatus and were not cor-
rected. *H NMR spectra were recorded on Varian Mer-
cury (200 MHz) spectrometers in DMSO-d, using TMS
as an internal standard (chemical shifts are in ppm).
LC/MS was recorded with PE SCIEX API 150EX chroma-
tograph equipped with the mass-spectrometer using
the column C18 (100x4 mmM), the cycle of analysis was
25 min.
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Table 2

'H NMR spectral data of 1-alkyl-5-methyl-3-phenyl-
6-(5-phenyl-1,3,4-oxadiazol-2-yl)thieno[2,3-d]pyrimidine-2,4(1H,3H)-diones 5, 7 and 9

Chemical shift, 5, ppm.
Compd Thiophene CH
No. NH |08Her;¢§ 3 Aliphatic protons Aromatic protons
5a - 2.82 5.26 (2H, s, CH,) 7.20-7.65 (13H, m, Ar-H); 8.01 (2H, m, Ar-H)
5b - 2.82 2.27 (3H, s, CH,); 5.21 (2H, s, CH,) 7.11-7.67 (12H, m, Ar-H); 8.00 (2H, m, Ar-H)
5¢ - 2.83 5.25(2H,s, CH,) 7.24-7.70 (11H, m, Ar-H); 8.02 (2H, m, Ar-H)
7.08 (1H, m, Ar-H); 7.21-7.70 (12H, m, Ar-H);
7a 10.47 2.85 4.89 (2H, s, CH,) 8.05 (2H. m. Ar-H)
. 7.11 (1H, d, Ar-H); 7.22-7.73 (11H, m, Ar-H);
7b 10.39 2.85 2.23 (3H, s, CH,); 4.87 (2H, s, CH,) 8.02 (2H, m, Ar-H)
~ 113 (3H,5,CH,); 1.17 (3H, 5, CH,); ] N ]
7¢C 10.41 2.84 (4H, m, CH.+CH); 4.87 (2H, s, CH,) 7.05-7.70 (12H, m, Ar-H); 8.03 (2H, m, Ar-H)
. 6.24 (1H, m, Ar-H); 6.82 (2H, d, Ar-H);
7d 1045 2.86 3.69 (6H,5,2 OCH,); 4.87 (2H,5,CH,) | 5 e .05 (9H, m, Ar-H)
e 10.32 585 1.28 (3H, t, CH,); 3.95 (2H, q, CH,); 6.86 (2H, d, Ar-H); 7.29 (2H, d, Ar-H);
’ ’ 4.85 (2H, s, CH,) 7.35-7.70 (8H, d, Ar-H); 8.04 (2H, m, Ar-H)
. 7.13 (1H, d, Ar-H); 7.24-7.69 (8H, d, Ar-H);
7f 10.05 2.85 2.24 (3H, s, CH,); 4.96 (2H, s, CH,) 8.05 (2H. m, Ar-H)
. 7.22-7.68 (10H, d, Ar-H); 7.86 (2H, d, Ar-H)
9a - 2.85 2.35(3H, s, CH,); 5.68 (2H, s, CH,) 8.05 (2H, m, Ar-H)
7.25-7.73 (11H, d, Ar-H); 7.88 (1H, d, Ar-H)
9 - 2.85 5.74 (2H, s, CH) 804 (OH. m. Ar-H)
7.31 (2H, d, Ar-H); 7.47 (3H, m, Ar-H);
x - 286 |570(2H,s, CHy) 7.62 (SH, m, Ar-H); 7.62 (4H, m, Ar-H)
Table 3
The antimicrobial activity of 1-{[3-aryl-1,2,4-oxadiazol-5-ylImethyl}-5-methyl-3-phenyl-
6-(5-phenyl-1,3,4-oxadiazol-2-yl)thieno[2,3-d]pyrimidine-2,4(1H,3H)-diones 9
Diameter of the growth inhibition zone in mm
The number of the repeated experiment n=3
Stap ZZ ﬁlcgccus Escherichia coli | Proteus vulgaris Pfeigglr.ggsgs Bacillus subtilis %}gﬂz
ATCC 25923 | ATCC25922 | ATCCA636 | arecy7gss | ATCC6633 | arecgs3/88s
9a 15,16, 15 14,14, 15 growth growth 17,16,18 growth
9b 16,15, 14 14,15,14 growth growth 17,17,17 growth
9c 15,15,15 15,14,14 growth growth 17,17,17 growth
Metr.** 14,15, 14 14,13,14 growth growth 16,15,16 14, 14,14
Strept.** 15,16, 15 15,16,17 growth growth 17,16,17 growth

**Metr. — Metronidazole, DMSO solution, the concentration of 30 pg/ml; **Strept. — Streptomycin, H,0 solution, the concentration of 30 pg/ml.

The starting 5-methyl-2,4-dioxo-3-phenyl-1,2,
3,4-tetrahydrothieno[2,3-d]pyrimidine-6-carb-
oxylic acid 1 was obtained using the previously re-
ported method [6].

5-Methyl-3-phenyl-6-(5-phenyl-1,3,4-oxadi-
azol-2-yl)thieno[2,3-d]pyrimidine-2,4(1H,3H)-
dione (3).

To the mixture of 5.0 g (0.0165 Mole) of acid 1
add 2.75 g (0.017 Mole) of 1,1’-carbonyldiimidazole

and heat in 50 ml of anhydrous DMF for 25 minutes
at 80°C. Then to the clear solution formed add 2.25 g
(0.0165 Mole) of benzohydrazide, heat the reaction
(130°C) and stir for 3-4 hours. After that quench the
cool reaction mixture with water (50 ml) and fil-
ter the precipitate formed, washed with a plenty of
2-propanol-water mixture (1:1). 'H NMR spectrum:
2.66 (3H,s),7.27 (2H, d), 7.38-7.63 (6H, m), 7.90 (2H,
m) 10.14 (1H, br.s), 10.53 (1H, br.s).
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Suspend the dried compound 2 (6 g) in 45 ml of
POCl,, boil the mixture, stir till dissolution of the pre-
cipitate and then stir additionally for 5 hours. After
that pour the reaction onto the crashed ice and filter
the precipitate of chloroderivative. Suspend the fil-
tered pad of chloroderivative in 70% acetic acid and
boil with stirring for 12-15 hours. Next quench the
reaction with water to the volume of about 250 ml,
filter the precipitate formed and wash with a plenty
of cold water.

M.p. >300°C.

Yield - 63%.

IH NMR: 2.79 (3H, s), 7.30 (2H, d), 7.39-7.67 (6H,
m), 8.03 (2H, m), 12.64 (1H ,br.s).

LC/MS: m/z (M*) 402.

Found, %: N 14.15. C,,H,,N,0,S. Calculated, %: N
13.92. M. 402.43.

General method for synthesis of 1-alkyl-5-me-
thyl-3-phenyl-6-(5-phenyl-1,3,4-oxadiazol-2-yl)
thieno[2,3-d]pyrimidine-2,4(1H,3H)-diones 5, 7
and 9.

To 0.15 g (0.372 mmole) 5-methyl-3-phenyl-6-
(5-phenyl-1,3,4-oxadiazol-2-yl)thieno[2,3-d]pyrimi-
dine-2,4(1H,3H)-dione 3 in 3 ml of dimethylformamide
add the corresponding alkylating agent (0.372 mmole)
and 0.053 g (0.372 Mole) of K,CO,. Stir the mixture
at 70-100°C for 8-10 hours. Then dilute the cool
reaction mixture with water, filter the precipitate
formed and crystallized from the suitable lower al-
cohol.

The study of the antimicrobial activity

According to the WHO recommendations [10, 11]
the following test-strains were used: Staphylococcus
aureus ATCC 25923, Escherichia coli ATCC 25922,
Pseudomonas aeruginosa ATCC 27853, Proteus vul-
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The peculiarities of the reaction between 3-(2-aminophenyl)-6-R-1,2,4-triazin-5(2H)-ones and cyclic anhydrides
of non-symmetric (2-methylsuccinic, 2-phenylsuccinic and camphoric) acids have been described in the present
article. The influence of electronic and steric effects of substituents in the anhydride molecule on cyclisation pro-
cesses has been discussed. The results have shown that the interaction of 3-(2-aminophenyl)-6-R-1,2,4-triazin-
5(2H)-ones mentioned above with 2-methylsuccinic and 2-phenylsuccinic acid anhydrides proceeded non-se-
lectively and yielded the mixtures of 2-R -3-(2-oxo0-3-R-2H-[1,2,4]triazino[2, 3-c]quinazoline-6-yl)propanoic acids
and 1-(2-(5-oxo0-6-R-2,5-dihydro-1,2,4-triazin-3-yl)phenyl)-3-R -pyrrolidine-2,5-diones. It has been found that low
regioselectivity of the acylation process may be explained by insignificant electronic effects of substituents (of the
methyl and phenyl fragment) in position 2 of the anhydride molecule on the electrophilic reaction centre. It has
been also determined that the reaction between 3-(2-aminophenyl)-6-R-1,2,4-triazin-5(2H)-ones and camphoric
anhydride proceeds regioselectively and yielded 1,2, 2-trimethyl-3-(3-R-2-oxo-2H-[1,2,4]triazino[2,3-c]quinazolin-
6-yl)cyclopentan-1-carboxylic acids. Regioselectivity of the interaction mentioned above may be explained by
the steric effect of the methyl group. Identity of compounds has been proven by LC-MS, the structure has been
determined via a set of characteristic signals in 'H NMR, *C NMR spectra and position of cross peaks in the
correlation HSQC-experiment. Mass spectra of the compounds synthesized have been also studied, the princi-
pal directions of the molecule fragmentation have been described. The structure of 1,2,2-trimethyl-3-(3-methyl-
2-ox0-2H-[1,2,4]triazino[2, 3-c]quinazolin-6-yl)cyclopentane-1-carboxylic acid has been proven by X-ray analysis.

OCOBJIMBOCTI B3AEMOA]I 3-(2-AMIHO®EHIIT)-6-R-1,2,4-TPUA3NH-5(2H)-OHIB TA LIUKINIYHUX AHIIOPU-
01B HECUMETPUYHUX OUKAPBOHOBUX KUCIOT

0.F0.Bockob6oliHik, [J.FO.CkopuHa, C.B.luwkiHa, C.l.KoeaneHko, B.B.le4yk

Knroyoei cnoea: aHziOpudu HecumempuyHUX OukapboHO8UX KUCIOM, UUKI3auisi; peHmaeHocmpyKkmypHe 00-
Cr1iOXeHHS

OnucaHi ocobnusocmi peakuii Mix 3-(2-amiHogbeHin)-6-R-1,2,4-mpua3uH-5(2H)-oHamu 3 aHeiOpudamu Hecumem-
PUYHUX OuKkapboHOBUX Kucriom (2-memunbypwmuHO80I, 2-gbeHinbypuimuHo8oi ma kamghopHoi) kucriom. Obzo-
B8OPEHO 81/1U8 elIEKMPOHHUX Ma CMepUYHUX eheKkmie 3aMiCHUKa y MorneKyri aHeiopudy Ha npouecu Yukriza-
uii. Pesynsmamu roka3anu, wo 83aemo0is HagedeHux suuye 3-(2-amiHogeHin)-6-R-1,2,4-mpua3uH-5(2H)-oHie
3 aHeidpudamu 2-memunbypwmuHoeoi ma 2-¢heHinbypuimuHosoi kucriom nepebizana Hepe2ioceseKmugHoO 3
ymeopeHHsIM cymiwi 2-R -3-(2-okco-3-R-2H-[1,2,4]mpuasuHo[2, 3-c]xiHasoniH-6-in)nponaHosux kuciom ma 1-(2-
(5-0kc0-6-R-2,5-0ueidpo-1,2,4mpuasuH-3-in)geHin)-3-R -niponidur-2,5-dioHie. lNokasaHo, ujo HU3bKa peaioce-
JIeKMUBHICMb MPOoUECy ayusnreaHHs1 Moxe bymu MnosicHeHa He3Ha4YHUMU e/1eKIMPOHHUMU egheKkmamu 3aMiCHUKI8
(MemarnbHo20 ma YeHinbHO20 ghpazmeHmy) y MOMOXeHHI 2 MOneKynu aH2idpudy Ha enekmpoinbHUl peakyitHul
ueHmp. Takox ecrmaHoerneHo, Wo peakuis Mix 3-(2-amiHogbeHin)-6-R-1,2,4-mpua3uH-5(2H)-oHamu ma aHeidpu-
dom kamgbopHOI Kucriomu repebizae pezioceriekmusHo ma rnpueodums 0o ymeopeHHs 1,2,2-mpumemur-3-(3-
R-2-okco-2H-[1,2,4Jmpua3uHo(2, 3-c]xiHa3oniH-6-in)yuknoneHmax-1-kapboHosux kucriom. CenekmugHicms 3a-
3Ha4yeHoI sule peakuyii Moxe 6ymu rosicHeHa cmepu4YHUMU echekmamu MemarbHoI epynu. IHOugidyarnbHicmb
crionyk nidmeepoxeHa memodom LC-MS, cmpykmypy 8cmaHO8IEHO 3a MOIOKEHHSIM XapaKmepucmuYyHUX cue-
Harnie y "H 5SIMP ma *C SIMP-criekmpax ma 3a nosnoxeHHsIM Kpoc-nikie y kopensuyitiHomy HSQC-exkcriepumeHmi.
Takox 6ynu docnidxeHi Mac-Criekmpu CUHMEe308aHUX Cr1olyK ma OrucaHi OCHOBHI HarpsIMKU ¢hpasmeHmauii Mo-
nieKkynsipHuUx ioHie. Cmpykmypy 1,2, 2-mpumemun-3-(3-memun-2-okco-2H-[1,2,4]Jmpua3suHo[2, 3-c]xiHa3o:miH-6-ir1)
yukrnoneHmax-1-kapboHosoi kucriomu 6yno dogedeHo 3a AOMOMOZ0I0 PEHM2EHOCMPYKMYPHO20 OOCTIOKEHHS.

OCOBEHHOCTU B3AUMOOENCTBUA 3-(2-AMUHO®EHWUN)-6-R-1,2,4-TPUA3UH-5(2H)-OHOB U LIUKNK-
YECKUX AHTMAPMOOB HECUMMETPUYECKUX OUKAPBEOHOBbLIX KUCINOT

A.l0.Bockob6oltiHuk, [.F0.CkopuHa, C.B.LLuwkuHa, O.B.LUquUH[ C.U.KoeaneHko, B.B.Us4yk

Knroyeenlie cnoea: aHauOpuObl HECUMMEMPUYECKUX OUKapbOOHOBbIX KUCIIOM,; YUKIU3ayUsi;, PEHM2EHOCMPYK-
mypHble uccriedosaHusi

OnucaHbl ocobeHHocmu peakyuu mexoy 3-(2-amuHogheHun)-6-R-1,2,4-mpuasuH-5(2H)-oHamu u aHaudpudamu
HecuMMempuYHbIx QUKapOOHOBbIX KUCIOM (2-MemunsiHmapHoU, 2-cheHunsiHmapHoU u KaMghopHoU) Kuciom.
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lNposedeHo obcyxOeHue 8USIHUSI AIEKMPOHHbIX U CmMepuYecKux aghghekmos 3amecmumerieli Ha MPouecch! YuK-
nusayuu. Pe3aynbmamel nokasanu, 4Ymo e3aumodelicmeue rnpueedeHHbIX ebiwe 3-(2-amuHogpeHun)-6-R-1,2,4-
mpua3suH-5(2H)-oHoe ¢ aHaudpudamu 2-memunssHmapHoU u 2-¢heHunssHmapHoU Kucrom rnpomekasno He pe-
auocefiekmugHo ¢ obpasosaHuem cmecel 2-R -3-(2-okco-3-R-2H-[1,2,4]mpua3uHo|2, 3-c]xuHa30ouH-6-us)npo-
naHoebIx Kucnom u 1-(2-(5-okco-6-R-2,5-0uaudpo-1,2,4mpuasun-3-un)geHur)-3-R -nuponudur-2,5-0uoHos. [o-
KasaHo, Ymo HU3Kasl peauocerieKmusHoCmb fpoyecca ayunuposaHus Moxem bbimb 0O6bsCHeHa He3Haqyumeris-
HbIMU 371EKMPOHHBIMU 3¢hghekmamu 3amecmumernel (MemurbHO20 U (heHUIbHO20 chpasMeHma) 8 MonoxeHuu 2
MoneKyrbl aHeuopuda Ha 3reKkmpoguIIbHbIU peakUyUOHHbIU UeHmp. Takxe ycmaHO8/IeHO, Ymo peakyusi Mexoy
3-(2-amuHogpeHun)-6-R-1,2,4-mpuasuH-5(2H)-oHamu u aHaudpudom KamMgbopHOU KUCIOMbI pomeKaem peauo-
cenekmueHo U npusodum K obpasosaHuto 1,2, 2-mpumemun-3-(3-R-2-okco-2H-[1,2,4Jmpua3uHo|2, 3-c]xuHa3onuH-
6-unn)yuknoneHmax-1-kapboHosbix kucriom. CenekmueHOCMb peakyuu 8 0aHHOM criydae Moxem b6bimb 06b-
SICHeHa crmepu4ecKkuM aghgpekmom memusibHoU epynnbl. MHOusudyanbHocmb coeduHeHul nodmeepxdeHa mMe-
modamu LC-MS, cmpykmypy ycmaHo8/eHO 10 osIOKEHUI0 Xxapakmepucmu4veckux cueHanos 8 'H SMP u °C
SAMP-criekmpax u no noroxXeHur Kpocc-nukos 8 koppensyuoHHom HSQC-akcrnepumenme. Takxe bbinu uccrie-
0o8aHbl Macc-crnekmpbl CUHMe3UpO8aHHbIX COeOUHEHUU U OnucaHbl OCHOBHbIE HanpasneHus hpazmeHmayuu
MOMeKYnsAPHbIX UoHO8. Cmpykmypy 1,2, 2-mpumemun-3-(3-memun-2-okco-2H-[1,2,4Jmpua3uHo|2, 3-c]xuHa3onuH-
6-unn)yuknoneHmat-1-kapb6oHo8ol Kuciomsi bb1r10 0Ka3aHO C MOMOWbI0 PEHM2EHOCMPYKMYPHO20 aHau3a.

To study chemical transformations of heterocyclic
systems is a quite relevant problem in view of its im-
portance in elaboration of new approaches for syn-
thesis of novel compounds aimed at searching the
potent bioactive agents. Studies devoted to creation
of “scaffolds” - compounds, which may be used as
the basis for synthesis of numerous combinatorial
libraries, are of special practical importance. In our
previous work [1] we dealt with substituted 3-(2-ami-
nophenyl)-6-R-1,2,4-triazin-5(2H)-ones as 1,5-NCCCN
binucleophilic compounds, which may be used as pre-
cursors for synthesis of various derivatives of 3-R-
2H-[1,2,4]triazino[2,3-c]quinazoline-2-ones with ex-
pressed biological activities [2, 3, 4, 5]. In our another
publication we described the interaction of (2-ami-
nophenyl)-6-R-1,2,4-triazin-5(2H)-ones with succinic
and glutaric anhydride; it led to formation of the cor-
responding 3-(3-R-2-oxo-2H-[1,2,4]triazino[2,3-c]quin-
azolin-6-yl)alkylcarboxilyc acids [6].

The study of the biological action of the com-
pounds mentioned above and their salts has shown
that they reveal a high actoprotective and cerebro-
protective activities, and may be characterized as pro-
mising objects of research aimed at creating new me-
dicines. Taking into consideration the abovementio-
ned fact we decided to extend the potential of the re-
action between 3-(2-aminophenyl)-6-R-1,2,4-triazin-
5(2H)-ones and cyclic anhydrides of dicarboxilic ac-
ids as the method for preparation of carboxyl-con-

NH, o)
' , e
N 0 -
11-16 Nl\HJ\
R o)
0

taining derivatives of [1,2,4]triazino[2,3-c]quinazoli-
ne as possible bioactive compounds. Anhydrides of
2-methylsuccinic, 2-phenylsuccinic and camphoric
acids have been used as the research objects. It is
important to mention that structural features of the
last described, in particular electronic and steric ef-
fects of substituents, may cause the ambiguous course
of the reaction.

Results and Discussion

As initial compounds we used 1.1-1.6, reactions
were carried out in conditions similar to the described
earlier [6], namely by boiling of the starting substan-
ces in acetic acid for 6 hours. The results obtained
were quite unexpected, so, according to LC-MS data
the interaction between 3-(2-aminophenyl)-6-R-1,2,
4-triazin-5(2H)-ones 1.1-1.6 and 2-methylsuccinic
anhydride occurred ambiguously and led to the for-
mation of the mixture of 2-methyl-3-(2-oxo-3-R-2H-
[1,2,4]triazino[2,3-c]quinazoline-6-yl)propanoic acid
as a major product and 3-methyl-1-(2-(6-R-5-oxo-
2,5-dihydro-1,2,4-triazino-3-yl)phenyl)pyrrolidin-2,5-
diones (3.1-3.6) as the minor one (Scheme 1). A low
regioselectivity of the acylation process may be ex-
plained by - an insignificant inductive effect of the me-
thyl group on the electrophilic reaction centre. Target
compounds 2.1-2.6 were isolated by crystallization
from methanol, and to confirm the structure of com-
pound 3.1 it was isolated from the reaction mixture.

0 CHs

0
N
NOH N (
e
N<,, CHs . K
21-26 Nl | |
R 3436
CHy
0

1.1,2.1,3.1R=Me; 1.2,2.2,3.2R=Ph;1.3,2.3,3.3R= 4-CH,Ph; 1.4,2.4,3.4
R=4-C,HsPh;1.5,2.5,3.5 R=4-(CH,),CHPh;1.6, 2.6, 3.6 R=4-C,H;OPh

Scheme 1. Interaction of 3-(2-aminophenyl)-6-R-1,2,4-triazin-5(2H)-ones with 2-methylsuccinic anhydride.
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Scheme 2. Interaction of 3-(2-aminophenyl)-6-R-1,2,4-triazin-5(2H)-ones with 2-phenylsuccinic anhydride.

Identity of compounds 2.1-2.6 was proven by
LC-MS, the structure was determined via a set of cha-
racteristic signals in 'H NMR, *C NMR spectra and po-
sition of cross peaks in the correlation HSQC-expe-
riment. In 'H NMR-spectra of the compounds men-
tioned the signals of the carboxylic group proton at
12.10-12.36 ppm are characteristic. Location of the
ABCD-system of the benzene fragment of the quin-
azoline system in a comparatively low field additio-
nally confirms formation of the electron deficient tri-
cyclic system. Mutual location of signals of the carb-
oxyalkyl fragment, in particular signals of stereoto-
pic protons of the methylene fragment in the alipha-
tic partat 3.74-3.79 and 3.10-3.40 ppm, allows to sug-
gest that the methyl group is located at a-position re-
lative to the carboxylic group. Location of other sig-
nals in 'H NMR and *C NMR-spectra, as well as loca-
tion of cross peaks in correlation of the HSQC-expe-
riment also confirm the structures proposed.

'H NMR-spectra of compounds 3.1 substantially
differ from the spectra of compounds 2.1-2.6. Thus,
in the spectra of compound 3.1 instead of the carb-
oxylic group signal the abnormally deshielded NH-
proton signal at 13.19 ppm was detected. The pro-
tons of the benzene cycle of the quinazoline fragment
were located in quite higher field comparing to the
spectra of compounds 2.1-2.6 indicating the absence
of the electron deficient triazinoquinazoline system.

The unexpected results were also obtained while
studying the interaction of 3-(2-aminophenyl)-6-phe-
nyl-1,2,4-triazine-5(2H)-ones with 2-phenylsuccinic
anhydride. According to LC-MS data boiling of the
compounds mentioned above in acetic acid yielded
the mixture of two compounds with the equivalent
value of m/z corresponding to the molecular weight

of proper 3-(2-oxo-3-phenyl-2H-[1,2,4]triazino[2,3-c]
quinazolin-6-yl)-2-phenyl-propanoic acid and 1-(2-
(5-oxo0-6-phenyl-2,5-dihydro-1,2,4-triazino-3-yl)phe-
nyl)-3-phenylpyrrolidine-2,5-dione.

Formation of the products mentioned, as we con-
sider, may be explained by the fact that the electronic
effect of the phenyl moiety cannot be characterized
as an obvious donor or acceptor. Thus, reactivity of
carbonyl groups is approximately equal, which, in turn,
causes nonselective acylation of the amino group. In-
termediates A and B formed undergo further dehyd-
ration. Dehydration of intermediate A leads to forma-
tion of the triazinoquinazoline system, at the same
time such direction of dehydration is impossible for
intermediate B in consequence of steric restrictions.
In this case, there was the alternative direction of cy-
clisation followed by formation of the correspond-
ing 1-(2-(5-0x0-6-phenyl-2,5-dihydro-1,2,4-triazin-3-
yl)phenyl)-3-phenylpyrrolidin-2,5-dione.

3-(2-0xo0-3-phenyl-2H-[1,2,4]triazino[2,3-c]quina-
zoline-6-yl)-2-phenylpropanoic acid (4.1) was iso-
lated from the mixture of the products and charac-
terized as an individual compound. The *H NMR spec-
tral pattern of the compound mentioned was similar
to the spectra of compounds 2.1-2.5. Thus, signals
of the carboxylic group at 12.59 ppm, the ABCD sys-
tem of triazinoquinazoline protons and the carboxy-
alkyl fragment were present in 'H NMR-spectra of
4.1. The signals being characteristic for the phenyl
moiety in position 3 were also observed.

The interaction of 3-(2-aminophenyl)-6-R-1,2,4-
triazin-5(2H)-ones with camphoric anhydride was
also studied. The reaction given above was especially
interesting considering that among products of con-
densation of camphoric anhydride with diamines the
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Scheme 3. Interaction 3-(2-aminophenyl)-6-R-1,2,4-triazin-5(2H)-ones with camphoric anhydride.

potent hypoglycemic agents were found [9]. Accor-
ding to the data of physicochemical methods the in-
teraction of the compound mentioned occurred regio-
selectively and yielded 1,2,2-trimethyl-3-(3-R-2-oxo-
2H-[1,2,4]triazino[2,3-c]quinazolin-6-yl)cyclopentan-
1-carboxylic acids.

To confirm the structure of compounds 6.1-6.3 the
complex of physicochemical methods such as LC-MS,
'H NMR-, 13C NMR- and mass-spectrometry was used.
The molecular weight of compounds, signals of the
carboxylic group (11.91-11.97 ppm) and protons of
the quinazoline fragment in 'H NMR spectra and 13C
NMR spectral pattern indicated formation of the tri-
azinoquinazoline system, but we could not differen-
tiate the product out of two alternative structures.
The mass spectral (EI) pattern of compound 6.1 was
characterized by the complex structure, but also did
not allow definitely evaluating direction of the reac-
tion. Primary fragmentation was caused by the decar-

C1s

Fig. 1. The molecular structure of compound 6.1 according to X-ray
diffraction data.
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boxylation process (the signal with m/z = 321,1 =
29.0% (F,)) and degradation of triazine fragments
on bonds C2-C3 and N4-N5 (signals with m/z = 325,
[ ,=16.8% (F,)). The subsequent elimination of CO
from the fragment ion F, yielded the fragmental ion
F, (the signal withm/z =297,1 = 30.4%). Degrada-
tion of the cyclopentane moiety of fragments F, and
F, caused the presence of signal series, including the
most intensive with m/z = 198. Elimination of the cyc-
loalkyl fragment from F, yielded an ion with m/z =
171 and the intensity of 28.4% being typical for the
triazinoquinazoline system and fragmentation was
undergone according to the directions described [10].
Considering that the complex of spectral methods did
not allow to identify the structure of the products for-
med the X-ray structural study was used; it showed
that we obtained 1,2,2-trimethyl-3-(3-R-2-ox0-2H-
[1,2,4]triazino[2,3-c]quinazoln-6-yl)cyclopentan-1-carb-
oxylic acids.

The tricyclic fragment of molecule 6.1 is planar
within 0.03 A. The saturated five-membered substi-
tuent adopts an envelope conformation where devia-
tion of the C16 atom from the mean plane of the re-
maining atoms of the ring is -0.65 A. The five-mem-
bered ring is turned in such way that its planar part is
slightly non-coplanar to the N2-C8 endocyclic double
bond (the N2-C8-C12-C13 torsion angle is 32.5(3)°).
It can be assumed that C12-H...N4 (H..N2.31 AC-H..N
104°) and C13-H13b...N2 (H...N 2.43 A C-H..N 107°)
weak intramolecular hydrogen bonds promote such
location of the saturated ring. The methyl group at
the C15 atom is located in the axial position (the
C13-C14-C15-C19 torsion angle is 91.3(3)°) and the
carboxyl group has equatorial orientation and is al-
most coplanar to the C14-C15 endocyclic bond (the
C13-C14-C15-C20 and C14-C15-C20-02 torsion an-
gles are 147.8(2)° and -12.1(3)°, respectively). The
presence of the geminal substituents at the neigh-
bouring atoms of the pentane ring leads to the ap-
pearance of the significant steric repulsion (the shor-
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tened intramolecular contacts: H12...H19¢ 2.27 & (the
van der Waals radii sum [11] is 2.34 A), H12...C19
2.84 A (2.87 A), H17a...C8 2.60 A (2.87 A), H17b...C13
2.75A (2.87 &), H17b...C14 2.66 A (2.87 &), H17c...C20
2.55A (2.87 A),H18c...C19 2.63 A (2.87 A), H18c...H19a
2.22 A (2.34A),H19a...C18 2.66 A (2.87 A), H19c...C12
2.77 A (2.87 A)), it causes elongation of the C12-C16
bond up to 1.567(3) A as compared with its mean
value [12] 1.556 A.

In the crystal phase molecules 6.1 form the zig-
zag chains along the [0 1 0] crystallographic direc-
tion due to formation of the 03-H...01’ (1.5-x,-0.5+y,
0.5-z) intermolecular hydrogen bond (H...0 1.93 4,
0-H...0 164°), it promotes the elongation of the C10-01
bond up to 1.233(3) A (the mean value is 1.210 A). The
methanol solvate and 6.1 molecules are bonded by
the O1s-H...N1 intermolecular hydrogen bond (H...N
2.32 A 0-H..N 156°).

Experimental Part

Melting points were determined in open capilla-
ry tubes and were uncorrected. The elemental analy-
ses (G, H, N, S) were performed using an ELEMENTAR
vario EL Cube analyzer (USA). Analyses were indica-
ted by the symbols of the elements or functions within
+0.3% of the theoretical values. IR spectra (4000-
600 cm™) were recorded on a Bruker ALPHA FT-IR
spectrometer (Bruker Bioscience, Germany) using a
module for measuring attenuated total reflection
(ATR).'H NMR spectra (400 MHz) and **C NMR spect-
ra (100 MHz): were recorded on Varian-Mercury 400
(Varian Inc., Palo Alto, CA, USA) spectrometers with
TMS as an internal standard in DMSO-d6 solution.
LC-MS were recorded using the chromatography/mass
spectrometric system consisting of a “Agilent 1100
Series” high performance liquid chromatograph (Agi-
lent, Palo Alto, CA, USA) equipped with a diode-mat-
rix and a “Agilent LC/MSD SL’ mass-selective detector
(atmospheric pressure chemical ionization - APCI).
Electron impact mass spectra (EI-MS) were record-
ed on a Varian 1200 L instrument at 70 eV (Varian,
USA). The purity of all the compounds obtained was
checked by 1H-NMR and LC-MS.

Compounds 1.1-1.6 were obtained according to
the synthetic protocols described [1].

The general method for preparation of 2-me-
thyl-3-(2-oxo0-3-aryl-2H-[1,2,4]triazino[2,3-c]
quinazolin-6-yl)propanoic acids.

To the suspension of 0.003 M of the correspond-
ing 3-(2-aminophenyl)-6-aryl-1,2,4-triazin-5(2H)-one
in 15 ml of acetic acid add 0.003 M (0.34 g) 2-methyl-
succinic anhydride, reflux the mixture for 6 hours
and cool. Evaporate the solvent under low pressure,
crystallize the residue from methanol.

2-Methyl-3-(2-oxo-3-phenyl-2H-[1,2,4]triazino
[2,3-c]quinazolin-6-yl)propanoic acid (2.1). Yield -
52.32%. Mp. - 210-212°C; 'H NMR (400 MHz, DMSO-d6)

8 12.36 (s, 1H,COOH), 8.57 (d, ] = 8.0 Hz, 1H, H-8),
8.01 (t,] = 7.6 Hz, 1H, H-9), 7.84 (d, ] = 8.1 Hz, 1H,
H-8),7.77 (t,] = 7.6 Hz, 1H, H-10), 3.70 (dd,] = 16.1,
6.8 Hz, 1H, -CH,CH(CH,)COOH), 3.30-3.10 (m, ] = 19.8,
6.6 Hz, 2H, -CH CH(CH,)COOH), 2.21 (s, 1H, CH,), 1.30
(d, ] = 6.7 Hz, 3H, -CH,CH(CH,)COOH); LC-MS, m/z
=299 [M +1]; Calculated for: C,H,N,0,:C 60.40; H,
4.73; N, 18.78; Found: C, 60.44; H, 4.78; N, 18.81.
2-Methyl-3-(2-o0xo0-3-phenyl-2H-[1,2,4]triazino
[2,3-c]quinazoline-6-yl)propanoic acid (2.2). Yield -
46.32%. M.p.- 226-228°C; 'H NMR (400 MHz, DMSO-d6)
8 12.36 (s, 1H,COOH), 8.57 (d, ] = 8.0 Hz, 1H, H-8),
8.28(d,] = 7.1 Hz, 2H, 3-Ph H-2, 6),8.01 (t,] = 7.6 Hz,
1H, H-9), 7.84 (d,] = 8.1 Hz, 1H, H-8), 7.77 (t,] = 7.6 Hz,
1H, H-10), 7.68-7.45 (m, 3H, 3-Ph H-3,4,5), 3.70 (dd,]
=16.1, 6.8 Hz, 1H, -CH,CH(CH,)COOH), 3.30-3.10 (m,
] =19.8, 6.6 Hz, 2H, -CH CH(CH,)COOH), 1.30 (d, ] =
6.7 Hz, 3H, -CH,CH(CH,)COOH); *C NMR (101 MHz,
DMSO0) § 159.46,158.23, 158.02, 152.52, 151.00, 149.38,
143.24,135.40,132.12,131.29,129.35,128.52,128.38,
127.37,125.47,119.24,99.55, 36.03, 35.81, 25.50, 17.18;
HSQC (cross-peaks) 1.27/17.37,3.19/36.17, 3.68/35.99,
7.56/128.70, 7.58/131.58, 7.74/128.83, 7.82/127.68,
7.99/135.74,8.25/129.69, 8.54, 125.78; LC-MS, m/z
=361 [M +1]; Calculated for: C, H, /N,0,: C, 66.66;
H, 4.48; N, 15.55; Found: C, 66.68; H, 4.51; N, 15.58.
2-Methyl-3-(2-o0xo0-3-(p-tolyl)-2H-[1,2,4]triazino
[2,3-c]quinazoline-6-yl)propanoic (2.3). Yield - 52.6%.
M.p.-238-241°C; 'H NMR (400 MHz, DMS0-d6) § 12.11
(s, 1H, COOH), 8.60 (d,J = 7.5 Hz, 1H, H-8), 8.23 (d,J
=7.2 Hz, 2H, 3-Ph H-2,6), 7.97 (t,]/ = 7.8 Hz, 1H, H-9),
7.82 (d,J=7.9 Hz, 1H, H-8), 7.72 (t,] = 7.8 Hz, 1H,
H-10), 7.33 (d,/ = 7.5 Hz, 2H, 3-Ph H-3,5), 3.73 (dd, J
=17.4, 8.3 Hz, 1H CH,CH(CH,)COOH), 3.40-3.17 (m,
2H, CH,CH(CH,)COOH), 2.45 (s, 3H, CH,), 1.36 (d,] =
6.0 Hz, 3H, CH,CH(CH,)COOH); LC-MS, m/z =375 [M
+1]; Calculated for: C, H ,N,0,: C, 67.37; H, 4.85; N,
14.96; Found: C, 67.41; H, 4.89; N, 15.01.
3-(3-(4-Ethylphenyl)-2-oxo-2H-[1,2,4]triazino
[2,3-c]quinazolin-6-yl)-2-methylpropanoic acid (2.4).
Yield - 57.14%. M.p. - 218-220°C; 'H NMR (400 MHz,
DMSO0-d6) 6 12.11 (s, 1H, COOH), 8.60 (d,/ = 7.7 Hz,
1H, H-8),8.24 (d,/= 6.9 Hz, 2H, 3-Ph H-2,6), 7.97 (t,] =
7.7 Hz,1H,H-9),7.83 (d,/=7.7 Hz, 1H,H-8), 7.73 (t,]
=7.6 Hz, 1H, H-10), 7.36 (d,/=7.7 Hz, 2H, 3-Ph H-3,5),
3.73(dd,/=17.6,8.3 Hz, 1H, CH CH(CH,)COOH), 3.34-
3.18 (m, 2H, CH CH(CH,)COOH), 2.75 (dd,/ = 13.7, 6.4 Hz,
2H,CH,CH,), 1.36 (d,/ = 5.7 Hz, 3H, CH,CH(CH,)COOH),
1.31(t,J=7.4 Hz, 3H, CH,CH,); LC-MS, m/z = 389 [M
+1]; Calculated for: C,,H, N,O,: C, 68.03; H, 5.19; N,
14.42; Found: C, 68.07; H, 5.22; N, 14.45.
3-(3-(4-Isopropyl)-2-oxo-2H-[1,2,4]triazino
[2,3-c]quinazolin-6-yl)-2-methylpropanoic acid (2.5).
Yield - 45.0%. M.p. - 179-183°C; 'H NMR (400 MHz,
DMSO0-d6) 6 12.32 (s, 1H, COOH), 8.57 (d,/ = 8.0 Hz,
1H, H-8), 8.22 (d, ] = 7.4 Hz, 2H, 3-Ph H-2,6), 8.01(t,
1H,/=8.0,H-9),7.84 (d,/J=7.8 Hz, 1H, H, H-8), 7.77 (t,
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J=7.4Hz, 1H, H-10), 7.45 (d, ] = 7.3 Hz, 1H, 3-Ph H-3,
5),3.69 (dd,/ =16.0, 6.8 Hz, 1H, -CH,CH(CH,)COOH),
3.31-3.14 (m, 2H, -CH CH(CH,)COOH), 3.00 (dt,/=12.9,
6.6 Hz, 1H, -CH(CH,),), 1.42-1.13 (m, 9H, -CH,CH(CH.)
COOH, -CH(CH,),)). LC-MS, m/z = 403 [M +1]; Cal-
culated for: C,,H,,N,0.: C, 68.64; H, 5.51; N, 13.92;
Found: C, 68.66; H, 5.55; N, 13.97.

3-(3-(4-Ethoxypenyl)-2-oxo0-2H-[1,2,4]triazino
[2,3-c]quinazoline-6-yl)-2-methylpropanoic acid (2.6).
Yield - 56.2%. M.p. - 244-247°C; 'H NMR (400 MHz,
DMS0-d6) 6 12.10 (s, 1H, COOH), 8.60 (d, / = 7.7 Hz,
1H, H-8), 8.37 (d, ] = 7.7 Hz, 2H, 3-Ph H-2,6), 7.96 (t,
J=7.2 Hz, 1H, H-9),7.82 (d,] = 7.7 Hz, 1H, H-8), 7.72
(t,] = 7.4 Hz, 1H, H-10), 7.02 (d, ] = 7.8 Hz, 2H, 3-Ph
H-3, 5), 4.14 (m, 2H, -OCH,CH,), 3.74 (ddJ = 16.7,
7.5 Hz, 1H, CH,CH(CH,)COOH), 3.35-3.18 (m, 2H,
CH CH(CH,)COOH), 1.45 (t,/ = 6.3 Hz, 3H, OCH,CH.),
1.36 (d, ] = 5.7 Hz, 2H, CH,CH(CH,)COOH); LC-MS,
m/z =405 [M +1]; Calculated for: C,,H, N,O,: C, 65.34;
H, 4.98; N, 13.85; Found: C, 65.38; H, 4.99; N, 13.89.

3-Methyl-1-(2-(6-methyl-5-ox0-2,5-dihydro-1,
2,4-triazin-3-yl)phenyl)pyrrolidine-2,5-dione (3.1).
Yield - 12.1%. M.p. - 249-251°C; 'H NMR (400 MHz,
DMSO0-d6) 6 13.90 (s, 1H, NH), 7.79 (d, 1H, H-3),
7.73 (t, 1H, H-5), 7.63 (t, 1H, H-4), 7.42 (d, 1H, H-6),
3.35-2.83 (m, 2H, -COCH,CH(CH,)CO-), 2.39 (m, 1H
-COCH,CH(CH,)CO-), 2.24 (s, 1H, CH,), 1.32 (d, 3H,
-COCH,CH(CH,)CO-); LC-MS, m/z = 299 [M +1]; Cal-
culated for: C.H,,N,0.: C, 60.40; H, 4.73; N, 18.78;
Found: C, 60.43; H, 4.76; N, 18.80.

The synthetic method of 3-(2-oxo-3-phenyl-2H-
[1,2,4]triazino[2,3-c]quinazoline-6-yl)-2-phenylpro-
panoic acid.

To the suspension of 0.003 M (0.79 g) of 3-(2-ami-
nophenyl)-6-phenyl-1,2,4-triazin-5(2H)-one in 15 ml
of acetic acid add 0.003 M (0.53 g) 2-plsuccinic anhy-
dride, reflux the mixture for 6 hours and cool. Evapo-
rate the solvent under low pressure, then add 10 ml
of methanol. Filter the precipitate formed and crys-
tallize from propanol-2.

3-(2-0x0-3-phenyl-2H-[1,2,4]triazino[2,3-c]quin-
azolin-6-yl)-2-phenylpropanoic acid (4.1). Yield -
56.3%. M.p. - 186-188°C; 'H NMR (400 MHz, DMSO0-d6)
612.59 (s, 1H, COOH), 8.57 (d,J = 8.1 Hz, 1H, H-11),
8.21(d,J=7.1 Hz, 2H, 3-Ph H-2,6), 8.03 (t,/ = 7.7 Hz,
1H, H-9),7.83 (d,/ = 8.1 Hz, 1H, H-8), 7.78 (t,] = 7.6 Hz,
1H, H-10), 7.71-7.05 (m, 8H, 3-Ph H-3,4,5, 6-Ph H-2, 3,
4,5,6),4.43 (dd,/=9.5, 4.7 Hz, 1H, CH,CH(Ph)COOH),
4.07 (dd,] = 17.6,9.4 Hz, 1H, CH,CH(Ph)COOH), 3.53
(dd,J = 17.6, 4.7 Hz, 1H, CH,CH(Ph)COOH). LC-MS,
m/z =423 [M +1]; Calculated for: C,.H,;N,0,: C, 71.08;
H, 4.30; N, 13.26; Found: C, 71.10; H, 4.33; N, 13.28.

1-(2-(5-0xo0-6-phenyl-2,5-dihydro-1,2,4-triazin-
3-yl)phenyl)-3-phenylpyrrolidine-2,5-dione (4.1).
Yield - 21.4%. M.p. - 223-224°C; 'H NMR (400 MHz,
DMSO0-d6) & 6 13.88 (s, 1H, NH), 8.21 (d, / = 7.1 Hz,
2H, 3-Ph H-2,6), 7.79 (d, 1H, H-3), 7.73 (t, 1H, H-5),

30

7.71-7.05 (m, 10H, H-4, H-6, 3-Ph H-3,4,5, 6-Ph H-2,
3,4,5,6),4.02 (dd,J = 17.6, 9.4 Hz, 2H, CH,CH(Ph)),
3.44 (dd,J=17.6,4.7 Hz, 1H, CH,CH(Ph)). LC-MS, m/z
=423 [M +1]; Calculated for: C,.H,,N,0.: C, 71.08;
H, 4.30; N, 13.26; Found: C, 71.13; H, 4.35; N, 13.31.
The general method for synthesis of substitu-
ted 1,2,2-trimethyl-3-(3-R-2-ox0-2H-[1,2,4]triazino
[2,3-c]quinazolin-6-yl)cyclopentane-1-carboxylic
acids. To the suspension of 0.003 M (0.79 g) of the
corresponding 3-(2-aminophenyl)-6-R-1,2,4-triazin-
5(2H)-one in 15 ml of acetic acid add 0.003 M (0.91 g)
of camphoric anhydride, heat the mixture at 80°C
for 30 min, then reflux for 6 hours and cool. Evapo-
rate the solvent under low pressure, then add 20 ml
of methanol. Filter the precipitate formed and dry.
1,2,2-Trimethyl-3-(3-methyl-2-oxo-2H-[1,2,4]tri-
azino[2,3-c]quinazolin-6-yl)cyclopentane-1-carb-
oxylic acid (6.1). Yield - 31.2%. M.p. = 285-296°C;
'H NMR (400 MHz, DMS0-d6) 6 11.91 (s, 1H, COOH),
8.55 (d, J = 8.0 Hz, 1H, triazinoquinazoline H-11),
7.92 (t,] = 7.3 Hz, 1H, triazinoquinazoline H-9), 7.79
(d, ] = 8.1 Hz, 1H, triazinoquinazoline H-8), 7.67 (t,
] = 7.5 Hz, 1H, triazinoquinazoline H-10), 4.60 (t,] =
8.9 Hz, 1H, cyclopentane H-3), 2.74-2.53 (m, 2H, cy-
clopentane H-4,5), 2.40 (s, 3H, triazinoquinazoline-3
CH,), 2.12-1.92 (m, 1H, cyclopentane H-5), 1.54 (t, ]
= 9.4 Hz, 1H, cyclopentane H-4), 1.34 (s, 3H, cyclo-
pentane-1 CH,), 1.16 (s, 3H, cyclopentane-2 CH,), 0.79
(s, 3H, cyclopentane-2 CH,); *C NMR (101 MHz, DMSO)
6176.41,159.64,154.20,153.53,151.77,142.86, 134.68,
127.90, 127.20, 125.29, 119.04, 56.10, 48.21, 45.55,
32.31, 25.74, 22.90, 21.85, 21.33, 17.58; EI-MS m/z
(% rel.) 366 (5.7), 325 (16.8), 321 (29.0), 310 (6.9),
298 (5.0),297 (30.4), 296 (7.2), 281 (7.0), 280 (39.7),
279 (7.7),265 (6.8), 264 (23.4), 240 (8.2), 239 (61.3),
238(16.4),236 (12.3),227 (6.4),226 (8.1),212 (9.5),
211 (24.1), 210 (62.0),209 (17.1), 199 (14.3), 198 (100),
197 (15.5),196 (23.4), 185 (14.2), 183 (13.4), 181 (5.4),
172 (11.3),171(28.4),170 (8.8),169 (8.7), 168 (6.3),
167 (6.8),155(10.4), 145 (7.0), 144 (7.4), 143 (36.7),
142 (11.2),140(7.8),139 (14.3),129 (13.2), 118 (16.5),
117 (8.9),116 (10.7),115 (9.3),112(7.1), 111 (18.2),
110 (8.5),109 (21.9),107 (7.0), 105 (5.0), 104 (5.4),
98 (6.3),89 (5.5),87 (6.5),86 (5.2),85(19.3),83 (13.1),
81 (27.4), 80 (5.9), 79 (15.5), 77 (21.9), 76 (14.0),
75 (11.9), 74 (5.0), 73 (19.8), 69 (15.9), 68 (5.8), 67
(10.5), 57 (23.3), 56 (24.1), 55 (64.5), 54 (10.1), 53
(10.9), 50 (8.0), 49 (80.3), 48 (10.8), 47 (28.2), 45
(28.3),44 (39.1),43(89.9),42 (21.2),41 (5.3); LC-MS
m/z =369 (M+1); Calculated for C, H,,N,0, C, 65.56;
H, 6.05; N, 15.29; Found C, 65.58; H, 6.07; N, 15.31;
0, 13.12.
1,2,2-Trimethyl-3-(3-phenyl-2-oxo-2H-[1,2,4]tri-
azino[2,3-c]quinazolin-6-yl)cyclopentane-1-carb-
oxylic acid (6.2). Yield - 18.7%. M.p. - 266-269°C;
'H NMR (400 MHz, DMS0-d6) 6 11.94 (s, 1H, COOH),
8.63 (d,] = 7.8 Hz, 1H, triazinoquinazoline H-11), 8.32
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(d, ] = 6.9 Hz, 1H, triazinoquinazoline-3 Ph H-2, 6),
7.97 (t,] = 7.3 Hz, 1H triazinoquinazoline H-9), 7.85
(d, ] = 8.0 Hz, 1H, triazinoquinazoline H-8), 7.73 (t,
] = 7.4 Hz, 1H, triazinoquinazoline H-10), 7.67-7.40
(m, 3H, triazinoquinazoline-3 Ph H-3,4,5), 4.76 (t, ]
= 9.0 Hz, 1H, cyclopentane H-3), 2.82-2.57 (m, 1H,
cyclopentane H-4, 5), 2.19-1.96 (m, 1H, H-5), 1.69-
1.49 (m, 1H, cyclopentane, H-4), 1.40 (s, 1H, cyclo-
pentane-1 CH,), 1.17 (s, 1H, cyclopentane-2 CH,), 0.88
(s, 1H, cyclopentane-2 CH,). LC-MS m/z = 431 (M+1);
Calculated for C,.H,,N,0, C, 70.08; H, 5.65; N, 13.08;
Found: C, 70.11; H, 5.68; N, 13.11.
1,2,2-Trimethyl-3-(3-(4-isopropylphenyl)-2-oxo-
2H-[1,2,4]triazino[2,3-c]quinazolin-6-yl)cyclopen-
tane-1-carboxylic acid (6.3). Yield - 34.81%. M.p. -
270-272°C; 'H NMR (400 MHz, DMS0-d6) § 11.97 (s,
1H, COOH), 8.63 (d, ] = 7.9 Hz, 1H, triazinoquinazo-
line H-11),8.27 (d, ] = 8.1 Hz,, triazinoquinazoline-3
Ph H-2, 6), 7.97 (t,] = 7.5 Hz, 1H, triazinoquinazo-
line H-9), 7.85 (d, ] = 8.1 Hz, 1H, triazinoquinazo-
line H-8), 7.73 (t,] = 7.4 Hz, 1H, triazinoquinazoline
H-10), 7.39 (d, ] = 8.1 Hz, 1H, triazinoquinazoline-3
Ph H-3,5),4.77 (t,] = 9.0 Hz, 1H, cyclopentane H-3),
3.02 (t, ] = 10.2 Hz, 1H, CH(CH,),, 2.80-2.54 (m, 1H,
cyclopentane H-4, 5), 2.24-1.97 (m, 1H, cyclopenta-
ne-1CH,), 1.66-1.53 (m, 1H, cyclopentane H-4), 1.42
(s, 1H, cyclopentane-1 CH,), 1.33 (d, ] = 6.8 Hz, 6H,
CH(CH,),), 1.19 (s, 1H, cyclopentane-2 CH,), 0.88 (s,
1H, cyclopentane-2 CH,); LC-MS m/z = 471 (M+1);
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X-ray Experimental Part

The colourless crystals of 6.1 (C, H, )N,0,) are
monoclinic. At 193 Ka=10.332(1),b=16.562(2),c=
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uw(MoKa) = 0.083 mm?, F(000) = 768. Intensities of
24236 reflections (3501 independent, R, =0.053)
were measured on a “Bruker-Apex2” diffractometer
(graphite monochromated MoKa radiation, CCD de-
tector, w-scaning, 20 =50°).

The structure was solved by the direct method
using a SHELXTL package [13]. Positions of the hy-
drogen atoms were located from electron density dif-
ference maps and refined by the “riding” model with
U,, =nU_ (n = 1.5 for methyl and hydroxyl groups
and n=1.2 for other hydrogen atoms) of the carrier
atom. Full-matrix least-squares refinement against
F2in anisotropic approximation for non-hydrogen
atoms using 3438 reflections was converged to wR,
=0.199 (R, = 0.067 for 2223 reflections with F>40(F),
S=1.018). The final atomic coordinates, and crystal-
lographic data for molecule 6.1 were deposited from
the Cambridge Crystallographic Data Centre, 12 Union
Road, CB2 1EZ, UK (fax: +44-1223-336033; e-mail:
deposit@ccdc.cam.ac.uk). They are available on request
quoting the deposition numbers CCDC 1027014).
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The 1,3-dicarbonyl derivatives of 2-methyl-1,4-dihydroquinoline-4-one have been synthesized by alkylation of
methylene active compounds with 3-dimethylaminomethyl-2-methyl-1,4-dihydroquinoline-4-one. These com-
pounds are the convenient starting material for creating the new chemical libraries in the series of 3-heteryl
substituted 2-methyl-1,4-dihydroquinoline-4-ones. In this work the examples of the synthesis of new quinolone-
pyrazolone systems are presented. Their condensation with hydrazine hydrate resulted in the new derivatives
of 2-methyl-3-[(5-oxo-4,5-dihydro-1H-pyrazol-4-yl)methyl]-1,4-dihydroquinolin-4-ones. The estimation of novelty
of the compounds obtained in such chemical databases as PubChem, ChemBI u Spresi has shown that these
substances are not present in these sources, and the chemical scaffold — quinolone bound via the methylene
bridge with azoles is new. Determination of 2D similarity of the compounds synthesized by standard molecular
descriptors with the biologically active structures in the ChemBI_20 database has shown the uniqueness of a
new quinolone scaffold and the potential anti-inflammatory activity for compounds of this series. The molecular
similarity has been determined using the ChemAxon software (JKlustor, Instant JChem).

CUHTE3 | KOMITIOTEPHWUA CKPUHIHIT HOBUX 2-METUJ/IXIHOJIIH-4-OHIB, 3B’SI3AHUX 3 MIPA30JIOH-
5-OHOBUM ®PArMEHTOM

B.0.3y6koe, H.I.Pywak, O.J1. KameHeubka, I.C.MpuuyeHko

Knrodoei cnoea: 2-memur-1,4-0uzidpoxiHoniH-4-0H; nipa3on-5-oH; ocHosa MaHixa; monekynspHa nodibHicme
AnkinysaHHsaMm 3-OumemuramiHomemun-2-memur-1,4-0uziopoxiHomiH-4-0HOM MemuneHakmugHUX criomyk bynu
cuHme3soeaHi 1,3-0ukapboHinbHi noxioHi 2-memurn-1,4-0u2iOpoxiHoniH-4-oHy. [aHi crionyku € 3py4HuUM cmap-
mosum Mamepianom 0551 CMEOPEHHS XiMiyHuUx bibniomek 6 psdy 3-zemepun3damiweHux 2-memuri-1,4-0u-
2i0poxiHosniH-4-oHig. Y pobomi HagedeHi npuknadu cuHmMesy HO8UX XiHOMOH-Mipa3onoHosux cucmem. KoHOeH-
caujero arnkinogaHuUx MemusieHakmueHUX CrioflyK 3 2idpa3uH 2i0pamom ompumaHi Ho8i MoxioHi 2-memur-3-[(5-
okco-4,5-0uzidpo-1H-nipason-4-in)memun]-1,4-0uzidpoxiHorniH-4-oHie. [MposedeHa oyiHKa HOBU3HU OMpPUMaHUX
crionyk 3a ximiyHumu 6asamu PubChem, ChemBl i Spresi noka3ana, wo 0aHi crionyku 308cimM He npedcmaerneHi
8 Uyux dxepesiax; a XiMidHUU ckaghghorid — XiHOJOH, 3’€OHaHUl Yepe3 MemusieHo8ul MICIMOK 3 a3ofiaMu, € HOBUM.
BusHaveHHs1 2D cxoxocmi cuHme3o8aHuUX pe4o8uH 3a cmaHOapmHUMU MOMeKynspHUMu deckpunmopamu 3 bio-
J102iyHO akmusHUMU cmpykmypamu 6a3u daHux ChemBI_20 rnoka3arno yHikarnbHicmb i epcrnekmueHicme HO8o-
20 XiHOI0HO0B020 cKaghghonida 8 Au3aliHi JIKapCbKUX PEYOBUH, @ MaKoX IMO8IpHICMb rposisy npomusanasnbHoi
akmueHocmi ceped crionyk 0aHozao psidy. MonekynspHy cxoxicmb 6yrno gusHa4eHo 3a O0MOMO_20K0 Mpo2pamMHO-
20 3abesneyeHHss ChemAxon (JKlustor, Instant JChem).

CUHTE3 U KOMIMbIOTEPHBIA CKPUHUHIT HOBbIX 2-METUJIXUHOJINH-4-OHOB, CBSI3AHHbIX C IU-
PA30J1-5-OHOBbIM ®PArMEHTOM

B.A.3y6koe, H.U.Pywak, O.J1. KameHeukasi, N.C.puyeHKo

Knroyesnie cnosa: 2-memurn-1,4-0uaudpoxuHonuH-4-oH; nupa3orn-5-oH; ocHosaHue MaHHuxa; MoneKynspHoe
rnodobue

AnkunupoeaHuem 3-0umemurnamuHomMemur-2-memuri-1,4-0uaudpoXuHOIUH-4-0HOM MemusieHaKmMueHbIX coedu-
HeHul bbiriu cuHme3uposaHbl 1,3-0ukapboHuIbHbIe MPOoU3800HbIe 2-memuri-1,4-0uaudpoxuHonuH-4-oHa. [JaH-
Hble coeOuHeHUs S8rstomcsi y00bHbIM cmapmosbiM Mamepuarnom 01151 co30aHusi bubnuomek 8 psdy 3-eemepurn-
3amMelweHHbIX 2-memuri-1,4-0uaudpoxuHonuH-4-oHos. B pabome npueedeHbl MpUMeEPbI CUHMe3a HO8bIX XUHO-
JTOH-NUpPa3o1o0Ho8bIx cucmem. KoHOeHcayuel ankunuposaHHbIX MemMuieHakmueHbIX cOeOUHeHUl ¢ 2udpa3uH
2udpamom osny4YeHbl Ho8ble MPou38o0Hbie 2-memun-3-[(5-okco-4,5-0ueudpo-1H-nupason-4-un)memun]-1,4-
OuaudpoxuHouH-4-oHo8. [posedeHHasi oueHKa HO8U3HbI MOTyYEHHbIX COeOUHEHUU Mo Xxumuyeckum 6aszam
PubChem, ChemBI u Spresi nokasana, Ymo daHHble COEOUHEHUSsI co8CeM He rpedcmasrieHbl 8 3mux UCMOoY-
HUKax, a xumu4yeckul ckaghgpond — XUHOJIOH, COEOUHEHHbIU Yepe3 MemurieHo8bIlU MOCMUK C a3onamu, sers-
emcs HosbiM. OnpedeneHue 2D nodobusi cuHMe3upo8aHHbIX COEOUHEHUU Mo cmaHOapmMHbIM MOSIEKYISIPHbIM
deckpunmopam ¢ buonoaudyecku akmugHbIMU cmpykmypamu 6a3bl 0aHHbIx ChemBI_20 noka3ano yHukarsb-
HOCMb U r1epcrekmueHoOCmb HO8020 XUHOTOHOB8020 ckaghghornda 8 du3aliHe fiekapCmeeHHbIX 8eUiecms, a mak-
)XKe 8epOosImHOCMb MPOSIBNIEHUST MPOoMueBo8ocnaumernbHOU akmueHocmu cpedu coeduHeHUl daHHO20 psida.
MonekynapHoe nodobue 6bi10 onpedenieHo ¢ noMowbio npospammHozo obecrieyeHuss ChemAxon (JKlustor,
Instant JChem).
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3-Substituted quinolones are attractive targets in
medicinal chemistry over the past decades. It is con-
nected with their ability to exhibit different types of
the biological activity, and there are many successful
stories of creation of medicines on their basis [1-3].
It was discovered earlier that 3-dimethylaminome-
thyl-2-methyl-1,4-dihydroquinoline-4-ones could be
effective alkylating agents in the reactions with N-
and C-nucleophiles [4-5]. In continuation of our pre-
vious research efforts of increasing the molecular
diversity of 3-substituted quinolones with various
biologically important moieties it has been decided
to expand the range of active methylene compounds
using their reaction with 3-dimethylaminomethyl-
2-methyl-1,4-dihydroquinoline-4-one, and then make
some heterocyclization on the basis of the resulting
products.

It is well known that 1,3-dicarbonyl compounds
are convenient reagents in the synthesis of various
5- and 6-membered heterocycles according to the
“2 +3” and “3 + 3” strategies [6]. In relation to the
objects of our studies, the molecular diversity expan-
sion can be carried out as shown in Fig. 1. In this work
the synthesis of new quinolone-pyrazol systems bound
via the methylene group, namely derivatives of 2-me-
thyl-3-[(5-0x0-4,5-dihydro-1H-pyrazol-4-yl)methyl]-
1,4-dihydroquinolin-4-ones is presented.

To estimate the novelty of the compounds plan-
ned to synthesize the literature search and structural
web-search in such chemical databases as PubChem,
ChemBIl and Spresi were conducted at first [7-9]. The
results obtained have shown that currently such com-
pounds are not present in these chemical databases.
As an example, the structures of the most similar
substances according to 2D similarity methods with
the Tanimoto coefficient for 3-[(3-amino-5-0x0-4,5-
dihydro-1H-pyrazol-4-yl)methyl]-2-methyl-1,4-dihyd-
roquinolin-4-one are given in Table.

The next step of our chemoinformatic studies was
the preliminary estimation of the pharmacological
potential of 2-methyl-3-[(5-0x0-4,5-dihydro-1H-py-
razol-4-yl)methyl]-1,4-dihydroquinoline-4-ones. To
achieve this purpose, the sdf ChemBIl_20 database was
chosen. This database is one of the most powerful tool
of chemo- and bioinformatics and currently contains
1.463.270 distinct compounds, 13.520.737 activities,
and 59.610 source documents. The platform of ChemAxon
under free academic license was used as a software.
The 2D similarity method was used, and considering
the vast number of compounds in ChemBI-20, the clu-
stering of the data was carried out by Bemis-Murcko
algorithm. JKlustor was used for clustering and diver-
sity analysis of chemical sets, JChem 15.2.23.0, 2015,
ChemAxon (http://www.chemaxon.com). The search

@
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Fig. 1. The “2 + 3” and “3 + 3” strategies for the synthesis of new heterocycles of quinolin-4-ones derivatives.
Table
Reference structure: PubChem Compound ChEMBL_20 SPRESIweb
) 67.25 million compounds 1.46 million compounds 5.68 million compounds
o NH, CID 73182817 CHEMBL474651 Spresi RegNo: 0289308-000
N O N—NH HoN
| N l =N
N o/ NH N HN \
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Similarity threshold >=85% ol N
Similarity — 75.03 Similarity - 70.02%
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Fig. 2. Bemis-Murcko scaffold describing the compounds
synthesized.

of the graph scaffold describing the compounds syn-
thesized (Fig. 2) among Bemis and Murcko frame-
works of the ChemBI database has shown that there
are 1167 substances that correspond to this para-
meter.

For structure database management, search and
analysis of data the Instant JChem software was used
(Instant JChem 15.2.23.0, 2015, ChemAxon, http://
www.chemaxon.com). To determine the molecular
similarity, standard 2D molecular descriptors calcu-
lated using Instant JChem were applied.

Data analysis and visualization were carried out
by constructing combinations of all possible scatter
plots and radar charts. As a result, it has been found
that the most similar compound is 3-substituted quin-
oxaline-2-one, CHEMBL2263312 (Fig. 3) that exhibits
the anti-inflammatory activity on the carrageenan-
induced rat paw edema model [10].

Thus, the data analysis of 2D similarity of 2-me-
thyl-3-[(5-0x0-4,5-dihydro-1H-pyrazol-4-yl)methyl]-
1,4-dihydroquinoline-4-ones with distinct compounds
from the ChemBI database has shown that the bio-
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logical activity of this scaffold has not been studied
yet, and for more accurate determination of similari-
ty with the known ligands it is necessary to perform
the 3D ligand-based virtual screening for these com-
pounds.

The synthesis of the target compounds 3a, b, and
6 was carried out as shown in Scheme. At first, the
active methylene compounds - ethyl cyanoacetate,
ethyl acetoacetate and diethyl malonate were alkyla-
ted with 3-dimethylaminomethyl-2-methyl-1,4-dihyd-
roquinoline-4-one 1 with good yields using the me-
thod recently described [5]. The preliminary quater-
nization of 3-dimethylaminomethyl-2-methyl-1,4-di-
hydroquinoline-4-one with methyl iodide allows to
alkylate the activated C-nucleophiles under mild con-
ditions and in good yields. In this study we did not
isolate the intermediate quaternized quinolone salt
from the reaction medium, the one-pot synthesis was
performed to yield the resulting products 2a-c. Then
condensation of compounds 2a, b with hydrazine hyd-
rate and further intramolecular cyclization in situ to
the corresponding derivatives of pyrazole-5-ones was
carried out [11].

In the case of alkylated diethylmalonate 2¢ the
synthesis of the target pyrazolidine-3,5-dione 6 was
conducted somewhat differently using the method
described by Metwally et al. [12]. Condensation of
the substituted diethylmalonate 2¢ with hydrazine
hydrate occurred ambiguously and led to formation
of the mixture of mono- 5 and dihydrazide 6 in the

NH,
N N

e ea:
\N/ g o N—nN

CHEMBL2263312

Mol Weight

H bond donors 3.0

Bond acceptors
0.748 LogP

2.0
Rotatable bonds

790

Fig. 3. A graphical representation of the most similar structure from the ChemBlI database with the compound studied.
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ratio of approximately 80:20. These products were
separated quite easily due to their different solubi-
lity in ethanol. The subsequent intramolecular cycli-
zation of monohydrazide 5 in the presence of sodium
ethylate led to formation of pyrazolidine-3,5-dione
with a good yield.

Experimental Part

Melting points were determined in open capilla-
ry tubes and were uncorrected. The proton nuclear
magnetic resonance (*H NMR) spectra were recorded
on a Varian Mercury VX-200 (200 MHz) in DMSO-D,
using tetramethylsilane [(CH;),Si] as an internal stan-
dard. Elemental analysis was performed on an Ele-
mentar Vario EI elemental analyzer.

3-Dimethylaminomethyl-2-methyl-1,4-dihydroqui-
noline-4-one 1 was obtained using the method [4].

Ethyl 2-cyano-3-(2-methyl-4-o0xo0-1,4-dihydro-
quinolin-3-yl)propanoate 2a. To 1.08 g (5 mmol)
of 3-dimethylaminomethyl-2-methyl-1,4-dihydroqui-
noline-4-one in 20 ml of absolute ethanol add 0.5 ml
(8 mmol) of methyl iodide and stir the mixture at room
temperature for 15 hours. Then raise the tempera-
ture to 60°C and allow to stand for an hour. Cool the
solution to room temperature, add 0.6 g (5.3 mmol)
of ethyl cyanoacetate, and while mixing thoroughly
add by portions the solution of sodium ethylate pre-
pared from 0.12 g of metal sodium (5.3 mmol) and
10 ml of absolute ethanol. Reflux the reaction mix-
ture until no trimethylamine is evolved. Add water,
acidify the mixture to pH 5. Filter the precipitate ob-
tained, wash and recrystallize from ethanol. Yield -
1.03 g (76%). M.p. - 211-213°C. '"H NMR - §, ppm -
11.57 (s, 1H), 8.04 (dd,/ = 8.1, 1.6 Hz, 1H), 7.61 (ddt,
J=9.2,4.3, 2.1 Hz, 1H), 7.49 (d, /= 7.9 Hz, 1H), 7.38-
7.17 (m, 1H), 4.38 (dd,/=8.9, 6.7 Hz, 1H), 4.16 (q,] =

7.1 Hz, 2H), 3.13 (td, ] = 14.0, 8.1 Hz, 2H), 2.45 (s, 3H),
1.18 (t, / = 7.1 Hz, 3H). Anal. Calcd for C,;H,,N,0,; C,
67.59; H, 5.67; N, 9.85; found: C, 67.73; H, 5.68; N,
9.87.

Compounds 2b, ¢ were synthesized by the same
procedure.

Ethyl 2-[(2-methyl-4-0x0-1,4-dihydroquinolin-
3-yl)methyl]-3-oxobutanoate 2b. The compound was
recrystallized from ethanol. Yield - 0.92 g (64%). M.p. -
148-150°C. 'H NMR, §, ppm, 11.47 (s, 1H), 8.02 (dd, J
=8.0, 1.5 Hz, 1H), 7.58 (ddd, ] = 8.4, 6.8, 1.6 Hz, 1H),
7.45 (d,/=8.0 Hz, 1H), 7.25 (ddd, / = 8.2, 6.8, 1.3 Hz,
1H), 4.17-3.92 (m, 3H), 2.89 (qd, / = 13.8, 7.3 Hz, 2H),
2.39(s,3H),2.17 (s,3H), 1.05 (t,/ = 7.1 Hz, 3H). Anal.
Calcd for C,,H,,NO,; C, 67.76; H, 6.36; N, 4.65; found:
C, 67.64;H,6.37; N, 3.39.

1,3-Diethyl 2-[(2-methyl-4-0x0-1,4-dihydroqui-
nolin-3-yl)methyl]propanedioate 2c. The compound
was recrystallized from ethanol. Yield - 1.14 g (69%).
The melting point and data of 'H NMR spectra coin-
cide with those given in the work [5].

3-[(3-Amino-5-0x0-4,5-dihydro-1H-pyrazol-4-
yl)methyl]-2-methyl-1,4-dihydroquinolin-4-one 3a.
Dissolve 0.5 g (1.76 mmol) of ethyl 2-cyano-3-(2-
methyl-4-oxo0-1,4-dihydroquinolin-3-yl) propanoate
2a while stirring in 5 ml ethanol. Add dropwise 0.1 g
(2.06 mmol) of hydrazine hydrate to the resulting so-
lution and stir at 70°C for 16 hours. Evaporate the sol-
vent under reduced pressure. Treat the residue with
water and 3 ml 1 M of acetic acid. Filter the precipi-
tate obtained, wash and recrystallize from dimethyl-
formamide. Yield - 0.34 g (72%). M.p. > 300°C. 'H
NMR - §, ppm 11.62 (s, 1H), 9.49 (s, 1H), 8.04 (dd, J
=8.0,1.5 Hz, 1H), 7.61 (ddd, J = 8.3, 6.7, 1.5 Hz, 1H),
7.48 (d,/=8.1Hz, 1H),7.28 (t,J=7.5 Hz, 1H), 4.42 (s,
2H), 3.99 (t,] = 7.6 Hz, 1H), 2.98 (dd, / = 7.6, 2.7 Hz,
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2H), 2.44 (s, 3H). Anal. Calcd for C,,H,,N,O,; C, 62.21;
H, 5.22; N, 20.73; found: C, 62.05; H, 5.21; N, 23.42 .
2-Methyl-3-[(3-methyl-5-0x0-4,5-dihydro-
1H-pyrazol-4-yl)methyl]-1,4-dihydroquinolin-4-
one 3b was prepared by the same procedure and un-
der the same conditions using ethyl 2-[(2-methyl-4-
ox0-1,4-dihydroquinolin-3-yl)methyl]-3-oxobutano-
ate 2b and hydrazine hydrate. Yield - 0.46 g (57%).
M.p. > 300°C. 'H NMR §, ppm - 11.56 (s, 1H), 9.11 (s,
1H),8.01 (dd,J=7.4,1.6 Hz, 1H), 7.43 (td, /= 7.4, 1.5
Hz, 1H),7.39 (td,J = 7.5, 1.6 Hz, 1H), 7.20 (dd, /= 7.5,
1.5 Hz, 1H), 3.87 (t,/ = 8.0 Hz, 1H), 2.95 (m, 2H), 2.43
(s, 3H), 2.04 (s, 3H). Anal. Calcd for C;;H,;N,0,; C, 66.90;
H, 5.61; N, 15,60; found: C, 67.02; H, 5.60; N, 17.63.
Ethyl 2-(hydrazinecarbonyl)-3-(2-methyl-4-oxo-
1,4-dihydroquinolin-3-yl)propaneate 5. To the so-
lution 0f 0.95 5 g (3.16 mmol) of 1,3-diethyl 2-[(2-me-
thyl-4-ox0-1,4-dihydroquinolin-3-yl) methyl]propa-
nedioate 2c in 10 ml of ethanol add 0.15 g (3 mmol) of
hydrazine hydrate. Stir the mixture at room temper-
ature for 12 hours, separate dihydrazide 4 (0.13 g)
by filtration. After evaporating the filtrate and treat-
ing the residue successively with methylene chlori-
de and isopropanol obtain monohydrazide 5 and re-
crystallize from ethanol. Yield - 0.62 g (55%). M.p.
-194-196°C.'H NMR §, ppm - 11.40 (s, 1H), 9.06 (s,
1H), 8.03 (dd, J = 8.0, 1.5 Hz, 1H), 7.58 (ddd, J = 8.3,
6.8,1.6 Hz, 1H), 7.44 (d,]/ = 8.0 Hz, 1H), 7.23 (ddd, J =
8.2,6.8,1.5 Hz, 1H), 4.15-3.90 (m, 3H), 2.99-2.85 (m,
2H), 2.42 (s, 3H), 1.06 (t,/ = 7.1 Hz, 3H). Anal. Calcd
for C,;H,,N,0,; C, 60.56; H, 6.03; N, 13.24; found: C,
60.46; H, 6.04; N,11.65.
2-[(2-Methyl-4-0x0-1,4-dihydroquinolin-3-yl)
methyl]propanedihydrazide 4. Yield - 0.13 g (12%)).
M.p. - 281-283°C. 'H NMR §, ppm - 11.45 (s, 1H),
10.32 (br, s, 4H), 9.06 (s, 1H), 9.01 (s, 1H), 8.02 (dd, J
=8.0,1.4 Hz, 1H), 7.58 (ddd, / = 8.3, 6.8, 1.5 Hz, 1H),
7.42 (d,/=8.0 Hz, 1H), 7.22 (ddd, / = 8.2, 6.8, 1.4 Hz,
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1H), 3.94 (t,/ = 7.9 Hz, 1H), 2.91 (m, 2H), 2.41 (s, 3H).
Anal.Calcd for C;,H;N;O,; C, 55.44; H,5.65; N, 23.09;
found: C, 55.33; H, 5.66; N, 20.78.

4-[(2-Methyl-4-0x0-1,4-dihydroquinolin-3-yl)
methyl]pyrazolidine-3,5-dione 6. Add slowly the solu-
tion of sodium ethylate prepared from 0.04 g (1.73 mmol)
of sodium metal and 5 ml of absolute ethanol drop-
wise to a cold solution of 0.05 g (1.58 mmol) of 2-
[(2-methyl-4-0x0-1,4-dihydroquinolin-3-yl)methyl]
propanedihydrazide 4 in 10 ml of absolute ethanol.
Leave the reaction mixture overnight in the refrige-
rator, then stir at room temperature for 6 hours and
filter. Add 5 ml of 1 M acetic acid to the filtrate. Fil-
ter the precipitate obtained, wash and recrystallize
from the mixture of solvents DMF - EtOH. Yield -
0.22 g (51%). M.p. > 300°C. 'H NMR §, ppm - 11.60
(s, 1H),10.26 (br.s, 2H), 8.02 (dd, /= 8.1, 1.3 Hz, 1H),
7.60 (ddd, J=8.3,6.7,1.4 Hz, 1H), 7.45 (d,] = 8.0 Hz,
1H), 7.27 (t, ] = 7.8 Hz, 1H), 4.02 (t, ] = 7.6 Hz, 1H),
2.97 (dd,]J =7.6, 2.7 Hz, 2H), 2.44 (s, 3H). Anal. Calcd
for C,,H;;N,0;; C, 61.99; H,4.83; N, 15.49; found: C,
61.89; H, 4.84; N, 13.63.

Conclusions

The new derivatives of 1,3-dicarbonyl 2-methyl-
1,4-dihydroquinoline-4-one have been obtained using
3-dimethylaminomethyl-2-methyl-1,4-dihydroquino-
line-4-one as the alkylating agent. These compounds
are a promising scaffold for the synthesis of various
heterocyclic systems with quinolone substituents. By
the example of condensation with hydrazine hydrate
the synthesis of new derivatives of 2-methyl-3-[(5-
ox0-4,5-dihydro-1H-pyrazol-4-yl) methyl]-1,4-dihyd-
roquinolin-4-ones has been shown. Using the tools of
chemoinformatics the novelty of these compounds
has been shown, and determination of 2D similarity
with structures from the ChemBIl 20 database has
been conducted.

1. Mugnaini C, Pasquini S., Corelli E Current Medicinal Chemistry, 2009, Vol.16(14), pp.1746-1767. Cited 41 times. doi: 10.2174/092986709788186156.
2. Heeb S, Matthew P, Fletcher, Siri Ram Chhabra, Stephen P. Diggle, Williams P, Miguel Cdmara. FEMS Microbiology Reviews, 2011, March 35(2),

pp.247-274. Cited 77 times. doi: 10.1111/j.1574-6976.2010.00247.x

3. Tomé A. M, Filipe A. Drug Safety, 2011, Vol. 34, Issue 6, pp.465-488. Cited 33 times. doi: 10.2165/11587280-000000000-00000.
4. Zubkov V. A, Gritsenko 1. S, Taran S. G., Podolsky I. N., Kamenetskaya O. L. Zhurnal Organichnoi ta Farmatsevtichnoi Khimii - Journal of Organic and

Pharmaceutical Chemistry, 2005, Vol. 3, No.2, pp.23-27.

5. Zubkov V. 0, Tsapko T O,, Gritsenko 1. S., Rushchak N. I. Zhurnal Organichnoi ta Farmatsevtichnoi Khimii - Journal of Organic and Pharmaceutical

Chemistry, 2011, Vol. 9, No.4, pp.38-41.

6. Eicher T. Hauptmann S. The Chemistry of Heterocycles: Structure, Reactions, Syntheses, and Applications, 2-nd Completely Revised and Enlarged

Edition. Weinheim: Wiley VCH, 2003, 572 p.

7. Bolton E., Wang Y., Thiessen PA., Bryant S.H., Annual Reports in Computational Chemistry, 2008, Vol. 4, pp.217-240.

8. Bento A. P, Gaulton A., Hersey A., Bellis L. |, Chambers ], Davies M., Kruger E A., Light Y, Mak L., McGlinchey S., Nowotka M., Papadatos G., Santos R.,
Overington J. P. Nucleic Acids Research, 2014, Vol. 42, pp.1083-1090. Cited 54 times. doi: 10.1093/nar/gkt1031.

9. Roth, Dana L. Journal of Chemical information and Modeling, 2005, Vol. 45(5), pp.1470-1473. Cited 5 times. doi:10.1021/ci050274b.

10. El-Sabbagh O. I. El-Sadek M. E. Lashine S. M. Yassin S. H. EI-Nabtity S. M. Medicinal Chemistry Research, 2009, Vol. 18, pp.782-797. Cited 12 times. doi:

10.1007/500044-009-9203-y.

11. Zhongwen Wang, Jun Ren, Zhengming Li, Synthetic Communications: An International Journal for Rapid Communication of Synthetic Organic
Chemistry, 2000, Vol. 30, Issue 4, pp.763-769. Cited 6 times. doi: 10.1080/00397910008087378.

12. Saoud A. M. Metwally, Maisa I. Abdel Moneim, Yasser A. Elossely, Radwa I. Awad, Khaled Abou-Hadeed. Chemistry of Heterocyclic Compounds, 2010,
Vol. 46, Issue 4, pp.426-437. Cited 3 times. doi: 10.1007/s10593-010-0527-9.

Hapiiiuna go pegakunii 30.01.2015 p.
36



XKypHan opraHidyHoi Ta hbapmaueBTUYHOI Ximii. — 2015. — T. 13, Bun. 1 (49) ISSN 2308-8303

YAK 547.771 + 547.789 + 615.012.1:547.79

CUHTE3 TA TIHIOIYTIKEMIYHA AKTUBHICTb
MNOXIAHUX 4-ITIPA3OJIIAEH-3-KAPBOHOBHUX KU CJIOT,
EK309YHKIIOHA/JII30BAHUX I'IPASUHIJIIJEH-
1,3-TIA30JIIJMUHOBUM ®PA'MEHTOM

M.K.Bpatenko, M.M.bapyc, 0.M./lenrcenko*, P.B.Pogik, M.B.BoBk*, O.K.fApour**

ByKOBUHCBKUHU JlepKaBHUM MeIUYHUM YHIBEPCUTET

58000, M. YepHiByyj, 1. TeaTpasibHa, 2. E-mail: bratenko@gmail.com
* [HcTUTyT opraniuHoi ximii HAH Ykpainu

** 1Y «lHcTuTyT Papmarosiorii Ta Tokcukostorii HAMH Ykpainu»

Karouosi caosa: 4-gpopmianipaszon-3-kapb6oHosi Kucaomu; miocemMikapo6asoHu;
diemusayemusaeHdukapbokcuaam; 1,3-miazoniouH-4-oHu; YUK/A0KOHOeHCayis; 2inoe/ikeMiYHa akmueHicms

lNokazaHo, wo 4-ghopminnipasorn-3-kapboHosi Kucriomu ma ix emusosi ecmepu cesiekmueHoO 83aemolitome i3 mio-
cemikapbazudom i (ioeo N4-apunnoxidOHuMuU 8 Kursyit oymositi Kucriomi 3 ymeopeHHsM i auxodamu 76-91% eio-
rosioHux 4-nipasornin-miocemikapba3oHis. 3HalideHo, w0 3-e00UHHE HagpieaHHs OCMaHHIX i3 diemunayemurner-
OukapboKcuamom y Kuriissqomy emaworii npusodume 00 1,3-mia30miOuHoBMICHUX MOmihyHKUOHaMbHUX MOXIOHUX
nipa3sorty 3 auxodamu 73-95%. YmeopeHHsi makoeo muriy CHOIYK € C8I0YEHHSIM Moeo, WO MPOUEC peanisyemscs 3a
CXEMOH0 ep8UHHOI amaku HyKi1eogbifleHO20 amoma Cipku miocemikapba3oHHO20 (hpacMeHma Ha 8UCOKOEEKMPO-
inbHUU nompitiHul 38’930K auemurneHOuKapbokcunamy i3 nodarsnbLWor 8HYMPIWHLOMOEKYISIPHOK KOHOeHcauy-
€10, siKka npusoduMb 00 ¢hopMy8aHHs1 4-okco-1,3-mia3oniduH-5-inideHoeo20 yuky. Cmpykmypa ompumaHux 1,3-mia-
30niduHinideHzidpa3oHonipa3orie 0osedeHa KOMIIIIEKCOM crieKmparbHUX Memodis, HalliHgopMamugHILUIUMU 3 SIKUX
€ cnekmpu SIMP 3C i3 cueHanamu amomie 8yareuto mia3oniouHogozo yukry: C* (1569-161 m.v.), C? (162-165 m.4.),
C® (163-165 m.4.), @ maKox eK30UUKITIYHO20 emoKcukapboHinemunideHogoeo gppaemeHma; HC= (114-118 m.u.) ma
C(0O)O (165 m.u.). BcmaHoerneHo, w0 cuHme308aHi CriofyKu 8UKITUKaomp 2iroanikemMidHuti 0o303anexHul echekm y
muwed, SKull cymmeso nepesullye UyKpOo3HUXY8arbHY Oito pechepeHmHo20 npenapamy nioanima3oHy.

SYNTHESIS AND THE HYPOGLYCEMIC ACTIVITY OF PYRAZOLIDENE-3-CARBOXYLIC ACIDS AND THEIR
DERIVATIVES EXO-FUNCTIONALIZED WITH THE HYDRAZINILIDENE-1,3-THIAZOLIDINE FRAGMENT
M.K.Bratenko, M.M.Barus, O.M.Denisenko, R.V.Rodik, M.V.Vovk, O.K.Yarosh

Key words: 4-formylpyrazole-3-carboxylic acids; thiosemicarbazones; diethylacetylenedicarboxylate; 1,3-thiazo-
lidine-4-ones; cyclocondensation; hypoglycemic activity

It has been shown that 4- formylpyrazole-3-carboxylic acids and their ethyl esters interact selectively with thiosemi-
carbazide and its N4-aryl-derivatives in boiling acetic acid with formation of the corresponding 4-pyrazolylthiosemi-
carbazones with the yields of 76-91%. It has been found that heating of 4-pyrazolylthiosemicarbazones with diethy!
acetylenedicarboxylate in boiling ethanol for 3 hours leads to formation of 1,3-thiazolidine-containing polyfunctional
pyrazole derivatives with yields of 73-95%. Formation of compounds of this type indicates that the process occurs
according to the scheme of the primary attack of a highly electrophilic triple bond of acetylenedicarboxylate by the
nucleophilic atom of sulfur of the thiosemicarbazone fragment with subsequent intramolecular condensation, which
leads to formation of the 4-oxo-1,3-thiazolidine-5-ilidene cycle. The structure of the 1,3-thiazolidinilidenehydra-
zonepyrazoles synthesized has been proven by a complex of spectral methods; the most informative of them are
8C NMR spectra with signals of carbon atoms of the thiazolidine cycle: C* (159-161 ppm), C? (162-165 ppm), C®
(163-165 ppm), as well as of the exo-cyclic ethoxycarbonylethylidene fragment: HC= (114-118 ppm); and of C(O)
O (165 ppm). It has been determined that the compounds synthesized cause the hypoglycemic dose-dependent
effect in mice, which is much more potent than the same effect of the reference medicine — pioglitazone.

CUHTE3 U TUIMNOITIMKEMUYECKASI AKTUBHOCTb IMPON3BOAHbBIX 4-MUPA30JTMOEH-3-KAPEOHOBbIX
KUCJIOT, 9K30®YHKLNOHAJTIN3NPOBAHHbLIX TMAPA3UHWUITULEH-1,3-TUA3OJTMONHOBbLIM ®PAFMEHTOM
M.K.BpameHko, M.M.Bapyc, O.H.[JeHuceHko, P.B.Poduk, M.B.Bosk, A.K.5slpow

Knroueenie cnoea: 4-chopmunnupason-3-kapboHosbie Kucromsl; muocemukapba3oHbl;, OusamuriayemurneHou-
kapbokcunam; 1,3-mua3onuduH-4-0Hbl; UUKITOKOHOEHCayUsl; 2unoariukeMu4yeckasi akmugHoCmb

lNokasaHo, 4mo 4-bopmuriiupasorn-3-kapboHO8bIe KUCIIOMbI U UX 3muriogble 3¢hupb! CEMeKmuUsHo 83aumodelicmayrom
¢ muocemukapbazudom u e2o N4-apunnpou3soOHbIMU 8 Kunsiel yKCycHOU Kucriome ¢ obpa3osaHueM U 8bixo0amu
76-91% coomeemcmeyrowjux 4-rnupasonunmuocemkapbasoHos. HalideHo, ymo 3-4acosoe HagpesaHue rMocredHUX C
OQuamunayemureHOUKapbOOKcuIamoM 8 Kursiem amaHorie rpusodum K 1,3-muasonuduHcodepxauyum nonughyHKUUo-
HarlbHbIM MPOU3800HbIM rupasona ¢ ebixodamu 73-95%. ObpasosaHue makoz2o mura coeOuUHeHUL caudemesibcmeayem o
MoM, 4Ymo NPoUECC peanu3dyemcsl 1o cxeme repeuYHol amaku HyKneoguUIbHO20 amoma cepbl muUoceMukapba3oHHO20
bpacmeHma Ha 8bICOKOINeKMpPOoghuribHY MpPOUHYH €853b auemurneHOukapbokcunama ¢ rnocrnedyrouieli 8Hympu-
MorieKynspHoU KoHOeHcauyuel, Komopasi puesooum K ghopmuposaHuro 4-okco-1,3-muasonuduH-5-unudeHo8o2o Yukra.
Cmpykmypa rorny4eHHbIx 1,3-mua3onuduHunuéeHaudpa3oHONUpPasosios ycmaHoerieHa KOMIMIIEKCOM CrIEKmparibHbIX
Mmemodos, Hauboriee UHGbopMamueHLIMU U3 KOmopbIx sienstomcsi criekmpbl SIMP °C ¢ cueHanamu amomos yerepoda
mua3sornuduHosoeo yukna: C* (1569-161 m.4u.), C? (162-165 m.u.), C° (163-165 m.4.), @ makxKke 3K30UUKITUHECKO20 3IMOKCU-
KapboHunamunudeHo8o2o hpaemeHma: HC= (114-118 m.4.) u C(O)O (165 m.4.). YecmaHoerneHo, 4mo cUHMe3upo8aHHbIE
COEeOUHEHUST 8bI3bI8ar0M 2uroarukemuyeckuti 00303agucumMbIli 3¢bghekm y Mbiwieli, KomophbIl CYLECMBEHHO rnpesbila-
em caxapocHuWxaroujee Oelicmeue peghepeHmMHO20 fpernapama nuo2umasoHa.
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LykpoBuit giabet 2 tuny (L/J-2) HanexuTh 70
onHiel 3 HAMMOIIMpPEHILINX i BOJHOYAC yKe Hebe3-
MeYyHUX XBOpo6 JirofcTBa [1-2]. Xoya Ha TenepiliHii
yac IpUYrMHa BUHUKHEHHS [[bOT0 3aXBOPIOBAaHHA /0
KiHIS He BCTaHOBJIEHA, OJHIEI0 3 Il CK/IaIOBUX € PO3-
BUTOK HApOCTaw4oro eHeprogedinury («rinoenep-
reTUYHOTO CUH/POMY») B XKUTTEBO BaXK/JIMBUX Opra-
Hax, y Ieplly 4epry, B LleHTpaJbHill HEPBOBIH cUCTe-
Mi, a B moiasibIioMy i B nepudepiiiHux TKaHuHax. Came
1[e MPU3BOAUTD /10 3arubesti KJAITHUH i pO3BUTKY iH-
dapkriB, iHcysbTIB, Helpo- Ta HedponaTii, BigMU-
paHHs KiHIiBOK BHACJIJIOK CyX0i raHTpeHu Toulo [3-5].

Jna nikyBanH4 11/I-2 3a3BUYall BUKOPUCTOBYIOTD
nepopasibHi CHHTeTHUYHI IpenapaTy pi3HOMaHITHOI
6y/10BY, sIKi BUKJIMKAIOTh 0JIOKYBaHHSI BCMOKTYBaH-
Hsl [VIIOKO3H B IIJIYHKOBO-KULIKOBOMY TpakTi (LLIKT),
CTUMYJIALI0 NPOAYKLII 10AATKOBOTO MyJ1y iHCYJTiHY
(cexpeTaroru) a6o miZIBUIIEHHS Yy TJIMBOCTI TKaHUH
Jlo iHcysiHy (ceHcuTaksepu). Cepesi OCTaHHIX 3HAY-
HOT0 MOLUMPEeHHs Habys1a rpymna Tia3oJiAUHAiIoHIB ab0
IJIiTa30HiB, TAIOBUMM IIpe/iCTABHUKAMU SIKHUX € TPO-
rJ1iTa3oH [6], po3uriitasoH [7] Ta niorsiitasoH [8].
B ToM 2xe yac BKa3aHi npenapaTy Bij3Ha4al0ThCsl HA3-
KO0 06iYHUX edeKTiB, cepes] IKUX HeOAKaHUMU €
BHUCOKa TOKCHUYHICTb JIJII FeNaTOLMTIB Ta 36ibIIeH-
Hs KIJIBKOCTI pO3BUTKY iHGapKTiB Miokapza.

Buxozaa4u 3 11bOro aKTyaJbHUM 3aBJaHHAM Cy-
YaCHOI MeJJUYHO] XiMil € pOo31IMpPeHHs apCceHasty 3a
PaxyHOK MOLIYKY HOBUX ePEeKTUBHUX | 6e3MeUHux
NpoTHAiabeTUYHUX (TimoryikeMiyHUX) 3aCO6iB A5
Tepamii LI/[-2. [lepcneKTUBHUM BapiaHTOM JIU3alHY
TaKUX IIpenapariB BUAAETbCS XiMiuHa Mogudikalis
Tia30J1iAUHOBOTO UKJAY TaKUMU MOTYKHUMHU dap-
Makodopamy, sk GyHKI[iOHA/Ti30BaHi Mipa3oJibHi CH-
ctemu. [lonepenHi foc/igKeHHS TaKOr0 TUILY CIIO-
JIYK IIOKa3aJly, 1110 BOHU BiirpalTh BaXKJIMBY POJIb
B Cy4aCHUX METOJO0JIOTIAX CTBOPEHHA JIIKAPCbKUX
3aco6iB, OCKIJIbKY BiI3HAYAIOTHCA BUPAXKEHUM Oio-
JioriyHMM noTteHuiasoM [9-12]. ¥ uboMy KOHTEKCT]
BaXKJIMBO BiJI3HAYUTH, 110 AesAKi MOXiAHI nipa3ony
[13, 14], B TOMy umcIi i riOpugHI COYKH 3 Tia30.J1i-
JUHOBUM LIMKJIOM [15], 3apekoMeHAyBa/Iu cebe sIK
aHTUrinepryiikeMiuHi areHTH. CaMe TOMY CUHTE3 6i-
LUKJIYHUX CTPYKTYP i3 [1ipa3oJIbHUM Ta Tia30/1iau-
HOBUM ¢parMeHTaMU B paMKax OJJHOTO MOJIEKYJISAP-
HOT'O KapKacy € BaXKJIUBUM Y KJIIOYI MOLIYKY HOBUX
rinorsiikeMi4yHUX penaparis.

Ba3zoBuMU 06’eKTaMu JJis BUpPillleHHSI [TOCTaBJIe-
Hoi 3a71a4i 6ysi 06paHi paHille cMHTe30BaHi HAMU
[16] npenapaTuBHO AoctynHi 4-popminnipazo-3-
KapOoHOBI K1c/I0TH 1a-6 Ta BiAmoBiaHI eTHs10Bi ecTe-
pu 1B-4. HasgBHICTB B iX CTPYKTYpi anbAerigHol rpy-
NI CTBOPIOE HeOoOXiAHI mepeyMoBH AJis 11 Mogudi-
Kallil TioceMikap6asuJHUMU GpparMeHTaMU 3 METOI0
BUKOPUCTAHHA OTPUMAaHUX IIPOAYKTIB AJid 0AAJb-
IIMX FeTepoLUKJIi3alii. YCTaHOBJIEHO, 110 CIIOJYKHU
1a-7, cesleKTUBHO B3aEMOJIiIOTh i3 TioceMikap6a3u-

38

oM 2a Ta Woro N4-apuanoxigHumu 26,B y KUILIS-
4ili OITOBIM KHCJIOTI 3 YTBOPEHHAM i3 BUX0OZ,aMHU 7 6-
91% 4-nipasoutisi-TioceMikap6a30HiB 3a-3K, CTPYKTY-
pa AKUX NiITBepKeHa CIeKTpaJbHUMH BUMipaMH.

Bigomo, 1m0 TioceMikap6a3oHU € eheKTUBHUMU
CUHTETUYHUMH 6JI0KaMHU JJisl To6y0BU pi3HOMa-
HITHUX TUIIIB reTepoLUKIiYHUX cucTeM [17]. 30kpe-
Ma, Ha iX B3aEMO/Iii 3 -rajIoreHoKapOOHIJIbHUMHU CIIO-
JIyKaMH 0a3yETHCS CUHTE3 NOJIPYHKIIOHAIBHUX Tia30-
JiB [18-20]. B ocTanHi# yac y posii Baxk/uBux 1,2-6i-
eJIEKTPOdiIbHUX peareHTiB JJis reTepOoLUKIi3alii
3HAUIIIM 3aCTOCYBaHHS ecTepHy alleTHUJIeHAuKap6o-
HoBoi kuca0oTH [21]. [Ipu yboMy HasiBHA B JIiTEpaTy-
piinpopmarisi ctocoBHO ixX peakuii i3 Tiocemikap6a-
30HaMHU € HEOJITHO3HA4YHO0. TakK, 3TiHO 3 MOBIAOM-
JIeHHSIM aBTODIB [22] 4-deninTioceMikap6asu iy apui-
aJIbJIETi/IIB pearyoTh i3 JUMeTUIaleTUIEeHAUKapO-
OKCMJIaTOM 3 YTBOPEHHAM NOXiJHUX 3-nipa3oJii-1-
(denintiokapbamoin)nipazosy, HATOMICTb ¥ PO6OTi
[23] HaBOAATHCA AaHi peHTTEeHOCTPYKTYPHOTO aHa-
JIi3y, 3TiIHO 3 AKUMU NPOAYKTAMHU aHaJIOTI4HOI pe-
aKuii 3 fieTUaLeTUIEHIUKAPOOKCUIATOM € MOXiJI-
Hi Tia3o/1iUH-4-0HY.

Hamu nokasaHo, 1110 HarpiBaHHS NPOTArOM 3 TOj
4-nipa3osin-tioceMikap6a3oHiB 3a-xk i3 fieTunane-
TUJIEHAUKApOOKCUIATOM Y KUILITYOMY eTaHOJIi pH-
BOAUTH /10 1,3-TiazosrigHOBMIiCHUX NOJTIQYHKITIOHATb-
HUX NOXiAHUX mipa3osy 4a-xk 3 Buxogamu 73-95%.
YTBOpEHHS TaKOro TUILY CIIOJIYK € CBilYEHHAM TOTO,
10 51K i y BUNaJKy 4-apuTioceMikap6a3oHiB [23]
npolec peani3yeThCs 3a CXeMOI0 IEPBUHHOI aTaKu
HyKJieodibHOTrO aTOMa Cipku TioceMikap6a3oHHO-
ro ¢pparmMeHTa Ha BUCOKOeNEKTPOiIbHUNA NOTPii-
HUU 3B’5130K i3 YTBOpPEHHSAM iHTepMeiaTiB TUNY A,
BHYTPILIHbOMOJIEKYJIAPHA KOHJEeHCcallil AKUX NIPU-
BOJAUTD 1,0 popMyBaHHA 4-0kco-1,3-TiazosifuH-5-
1J1ileHOBOT 0 LIUKJY.

[ToxigHi 1,3-Tia3oniguHinigeHripa3oHonipaso-
JIiB 4a-x (TabJ. 1, 2) - 6e36apBHi BUCOKOIIABKI pe-
YOBUHH, OYA0BA IKUX JIOBE/IeHA KOMILJIEKCOM CIeK-
TpaJbHUX MeTOZIB. Ix [Y-CIeKTpH XapaKTepU3yI0Thb-
csl cepe/iHbO- Ta CUJIbHOIHTEHCUBHUMU CMyTraMH No-
iHaHHA 3B’13KiB C=N (1620-1635 cm?) Ta C=0 (1700-
1705, 1730-1735 cm?), a guisa cnionyk 4a,6,,€ TaKOX
i3B’a3kiB N-H (3275-3285 cm!). B cnektpax IMP 'H
HasABHI TUIIOBI CUTHAJIM NIPOTOHIB €K30LUKJIIYHUX
inigenoBoro (6.60-6.79 M.4.) Ta rijpazoHHoro (8.62-
8.99 Mm.u.) pparmenTiB. He MeH1l Joka30BUM dpaKTOM
3alpOINIOHOBAHOI CTPYKTYPU OTPUMAHUX CHOJIYK €
cnektpu SAMP 3C (Ta6s1. 3) i3 curHasaMu aToMiB ByT-
Jielto TiazosiguHoBoOro 1ukiay: C* (159-161 m.u.), C?
(162-165 M.4.), C° (163-165 M.4.), a TAKOX €K30I[UK-
JIIMHOTO €TOKCUKApOOHIJI-eTHJTi/IeHOBOTO pparMeH-
ta: HC= (114-118 m.u.) Ta C(0)0 (165 m.4.), 110 y3ro-
JDKYETBCS 13 pe3ysibTaTaMy po60TH [23] i BUKJIIOUaEe
MOXKJ/IMBICTb yTBOPEHHS aJIbTEPHATUBHUX 3-Tipa3o-
Jiisi-1-(apuatiokapb6amoin)mipazolis [22].



XKypHan opraHidyHoi Ta hbapmaueBTUYHOI Ximii. — 2015. — T. 13, Bun. 1 (49)

ISSN 2308-8303

CO,Et

@)
ITIH
R3

S
A e L
o S o ~ N NR3
N, Lo Ao
R0 \ 2>N” NR3?  — AN
N—N H H R'O \
\ N—N
R? N2
1a-g 2a-B 3a-x
EtO,C———
[ EtO,C
CO,Et
S S
N\ //k 0
0 Z2\ N - o Z2N|
\ —EtOH
AN R3 AN
R1O \ R'O \
N—N N—N
AN AN
R2 R2
4a-x
A

1, R'=H, R?=Ph (a), 4-MeC,H, (6); R'=Et, R*=Me (B), Ph (r),4-MeC,H, (n); 2, R*=H (a), 4-F,CHC,H, (6), 3-MeOC,H, (B);
3, 4, R'=R°=H, R?=Ph (a), 4-MeC,H, (6); R'=H, R>=Ph, R%=4-F,CHC H, (); R?=4-MeC,H,, R*=3-MeOCH, (r):
R'=Et, R*=H: R?=Ph (g), 4-MeC,H, (e); R'=Et, R*=Me, R*=4-F,HCCH, (€); R'=Et, R*=4-MeC,H,, R*=3-MeOC,H, (x).

Cxema 1
Ta6bnuua 1
Buxopwn, Temnepatypu nnaBieHHA, Mac-CNeKTpW Ta pe3ynbTaTh e/1IeMeHTHOro aHanisy
CYHTE30BaHUX CNONyK 3a-X, 4a-X
. 3HanaeHo, % BupaxyBaHo, %
Cnonyka | Bwxig, % T.nn.,°C | [M+1]* ®opmyna
C H N C H N
3a 81 258-260 290 50.01 | 4.00 | 23.98 C,,H,;:N.O,S 49.82 | 3.83 | 24.21
36 76 303-305 304 5122 | 4.18 | 22.85 C;3H5NLO,S 5147 | 432 | 23.09
3B 79 238-240 432 53.11 | 343 | 1646 C,oH;sF,NO,S 5290 | 3.50 | 16.23
3r 926 253-255 410 5897 | 4.57 | 16.89 C,oH1oN;O,S 58.67 | 468 | 17.10
3n 84 223-225 318 53.12 | 466 | 22.30 C,,H;sN.O,S 5298 | 476 | 22.07
3e 91 248-250 332 54.65 | 5.08 | 21.26 C,sH,;N.O,S 5437 | 517 | 21.13
3e 78 188-190 398 48.62 | 4.40 | 17.47 C,¢H,,F,NO,S 4836 | 431 | 17.62
3k 89 210-212 438 60.68 | 540 | 15.89 C,,H,;N.0O,S 60.40 | 5.30 | 16.01
4a 87 278-280 414 52.04 | 3.70 | 17.05 C,gH,sNLOS 5230 | 3.66 | 16.94
46 78 298-300 428 53.08 | 4.01 | 16.51 C,oH,;N.O.S 5339 | 4.01 | 16.38
4B 73 248-250 556 53.90 | 3.37 | 12.80 C,sH,oF,N,O,S 54.05 | 345 | 1261
ar 85 213-215 534 | 58.73 | 445 | 12.93 C,6H,5N.0,S 58.53 | 4.34 | 13.13
an 89 200-202 442 | 5467 | 4.55 | 16.01 CooH,N,O.S 5441 | 434 | 15.86
4e 95 210-212 456 55.09 | 4.53 | 15.52 C,,H,,N.O.S 5538 | 465 | 15.38
4e 88 138-140 522 50.37 | 3.96 | 13.65 C,,H,,F,N,O,S 50.67 | 4.06 | 1343
4x 75 183-185 562 60.05 | 490 | 12.26 C,gH,,N,O.S 50.88 | 4.85 | 12.47
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Ta6bnuua 2

[4- Ta AMP "H cnekTpu cnonyk 3a-x, 4a-»

g IY-cnekTp, KBr, v, cm™
8 Cnektpu AMP H, 6, m.u.
5| C0 | N-H | C(=N |COCH
3a | 1695 3275-| 2596- |7.407(1H,,,,,J7.2Tw), 7.56 T (2H,,,,, /7.6 Tw), 7.85 8 (2H,,,,,, J 7.6 Tw), 7.95 ¢ (TH, NH),
3310 2910 |8.29 c(1H,NH), 8.46 c (TH, H° .. ), 9.24 c (1H, HC=N), 11.53 ¢ (1H, NH)
36 | 1700 3280-| 2560- |2.33c(3H,CH,), 734 (2H,,,,, /8.4 Tu), 7.74 5 (2H,,,., / 8.4 T1), 7.95 c (1H, NH),
3320 2830 |8.29 c(1H,NH),8.46 ¢ (TH, H° ..), 9.16 ¢ (1H, HC=N), 11.52 ¢ (1H, NH).
38 | 1700 | - | 2520- |7.194(2H,,,, /84 Tw), 7.23 T (1H, CHF,, J,,; 75.2 Tw), 7.43-7.59 M (5H,,,,,), 7.85 A (2H, 0,.,
2850 |J8.4Tu),8.61c(1H, H° .,,) 9.24 c (TH, HC=N), 9.98 ¢ (TH, NH), 11.99 ¢ (1H, NH)
3295- 2510- 2.35c(3H,CH,), 3.75 ¢ (3H, CH,0), 6.78 1 (1H, .,/ 7.2 W), 7.15-7.19 m (1H,_,,,.),
3r | 1695 3315 - 5840 7.287T(2H,,,,,J7.61u),7.36 A (2H,,,,,/8.0Tu), 7.74 n (2H,,,,, 8.0 Tu), 8.60 c (TH,
H® ipason)s 9-22 € (TH, HC=N), 9.91 ¢ (1H, NH), 11.94 ¢ (TH, NH)
3290- 1357 (3H, CH,,J 7.2 Tu), 433 k (2H, CH,, J 7.2 Tw), 743 T (1H,,,,,, J 7.2 TW), 7.57 T
30 | 1730 3350 - - (2H, 00,/ 7.6 TW), 7.85 A (2H,,,,, J 8.4 Tw), 7.96 ¢ (1H, NH), 8.32 c (TH, NH), 8.42 ¢ (1H,
H® ipason)s 9-24 € (1H, HC=N), 11.61 ¢ (1H, NH)
3280- 1.341(3H,CH,,J7.2Tu), 433k (2H,CH,, J7.2Tu), 7.35 A (2H,,,,, /8.0 Tw), 7.73
3e | 1725 3340 - - (2H, 0., J 8.0 TW), 7.96 ¢ (TH, NH), 8.30 ¢ (1H, NH), 8.42 ¢ (TH, NH), 8.42 c (1H, H* ,...,.),
9.19 ¢ (1H, HC=N), 11.54 c (1H, NH)
3300- 1.317(3H,CH,, J7.2Tu), 3.92 ¢ (3H, CH,N), 428 K (2H, CH,, J 7.2 Tu), 7.16 4 (2H,,,,.,
3e | 1730 3350 - - |J84Tu),7.221(1H, CHF, J. 74.4Tu), 7.54-7.59 m (2H,,,,), 849 c (TH, H°_,...), 8.56 C
(TH, HC=N), 9.97 c (1H, NH), 11.94 c (1H, NH)
3205- 1.36 T (3H, CH,, J 7.2 Tu), 2.35 c (3H, CH,), 3.75 ¢ (3H, CH,0), 6.79 a (1H,,,, 8.0 Tw),
3x | 1730 3240 - - 7.14-7.19m(1H,,,,.), 7.27 B (2H,,,,, /8.0 Tw), 7.36 4 (2H, ., / 8.0 W), 7.74  (2H, ..,
J8.0Tu),8.56 ¢ (1H, H° . ....), 9.25 ¢ (1TH, HC=N), 9.92 ¢ (1H, NH), 12.04 ¢ (TH, NH)
4a 1705, 3280 | 1630 2510- [1.26 7 (3H,CH,, J 7.0 Tu), 4.24 k (2H, CH,, J 7.0 Ty), 6.64 ¢ (1H, HC=C), 7.44-7.58 m
1730 2840 |(3H,,,,),8.02 4 (2H ., J 7.8 Tu), 8.92 c(1H, HC=N), 13.02 w.c. (2H, COOH+NH)
1700 2515- 1.257(3H,CH,, 6.8 ), 2.37 c (3H, CH,), 423 k (2H, CH,, J 6.8 Tw), 6.64 c (1H, HC=C),
46 1 730’ 3275 | 1635 5830 7350 (2H,,,,J 7.6T0), 7.89 8 2H, ., J 7.6 Tu), 8.86 c (1H, H®  _...), 8.96 ¢ (1H,
HC=N), 12.84 w.c. (1H, NH), 13.45 w.c. (1H, COOH)
1700 5515, | 127 T (3H, CH;, J 6.8 W), 4.27 k (2H, CH,, J 6.8 T), 6.79 ¢ (1H, HC=C), 7.17-7.58 m
4B 1 730' - 1635 2850 (8H, 7H,,,, +HCF,), 8.00 A (2H,,,,,, J 7.8 Tw), 8.72 c (1H, H* ,.,,,), 9.03 ¢ (TH, HC=N),
13.54 w.c. (1H, COOH)
1705 2230- 1.28 1 (3H, CH,, J 7.0 Ty), 2.36 ¢ (3H, CH,), 3.79 ¢ (3H, CH,0), 4.29 k (2H, CH,, J 7.0 Tw),
ar 1 730’ - 1630 5860 6.78 ¢ (1H, HC=C), 7.07-7.54 m (6H,,,,,.), 7.89 A 2H, ., J 7.4 Tu), 8.71 c (1H, H®_ .,..),
8.99 c (1H, HC=N), 13.47 w.c. (1H, COOH)
1700 1.257(3H,CH,,J7.2Tu), 1.34 1 (3H, CH;, J 6.8 Tu), 4.20 k (2H, CH,, J 7.2 Tu), 4.38 K
4n 1 730' 3285 | 1620 - (2H, CH,, J 6.8 Tu), 6.62 ¢ (1H, HC=(), 7.44-7.58 m (3H,,,.), 7.99 A (2H,,,,, 7.6 T),
8.81 c (1H, H*  ...,), 8.99 ¢ (TH, HC=N), 12.82 ¢ (TH, NH)
1700 1.26 T(3H, CH;, J7.2Tu), 1.34 1 (3H, CH;, J 7.0 Ty), 2.36 ¢ (3H, CH,), 4.22 k (2H, CH,,
4e 1 735’ 3280 | 1620 - |J7.2Tu), 437k (2H,CH, J 7.0 Ty), 6.60 c (1H, HC=C), 7.34 5 (2H,,,,,., J 7.6 L), 7.83 1
(2H, .,/ 7.6 T1),8.78 c (TH, H®,, ..), 8.87 ¢ (1H, HC=N), 12.76 ¢ (1H, NH)
le 1705, _ 1625 B 1.25-1.30 m (6H, 2CH,), 3.97 ¢ (3H, CH,), 4.23-4.28 m (4H, CH,), 6.78 ¢ (1H, HC=C),
1730 7.21-7.61 m (5H, 4H,_,,,+CHF,), 8.43 ¢ (TH, H° . ), 8.62 c (1H, HC=N)
1705 1.28-1.32 m (6H, 2CH,), 2.38 c (3H, CH,), 4.29 k (2H, CH,, J 7.0 Tu), 4.33 k (2H, CH,,
A 173 5’ - 1630 - |/6.8Tu),6.78 ¢ (1H,HC=(), 7.06-7.14 m (3H,,,, ), 7.35-7.48 M (3H,,,,), 7.89 & (2H .,
J8.0Tu),8.68 c (1H, H> ;. ....), 9.01  (1H, HC=N).

PesysibTaTul A0CTIKEHHS TiNOMIIKeMIiYHOI [Iii CHH-  Ta 4¢€, IKi CyTTEBO NepeBUILyBaIu pepepeHTHUH mpe-

Te30BaHUX CIOJIYK HaBeJleHi y Ta6J1. 4 i noka3yoTh, Napar niorsiita3oH (TabJu. 4, 5). linornikeMiyHa ak-
110 BOHU 3/]aTHIi BIJIMBATH Ha BYIJIEBOJHUM OOMiH, THBHICTb 060X CIOJIYK 6y/1a Mi>k 06010 OCTAaTHLO
PO IO CBi/[YaTh MOKA3HUKHU BMICTY IJIFOKO3U B KpO-  GJIM3bKOI0 32 MOKAa3HUKAMU, OCKIJIbKM BOHU € CIO-
Bi Ha pi3HUX eTanax nic/d BBeJeHHA pe4oBUH. [Ipak-  pijHEHUMHU CTPYKTypaMHu, X04a Yy BUIVIAAI, BIJIIOBIJ-
TUYHO BCi CITOJIYKH 3HW>KyBaJIl KOHIIEHTPALil0 [JII0-  HO, KApOOHOBOI KMCJIOTH Ta €THJIOBOI'0 €CTEPY.

KO3H, aJie 3 Pi3HOK CUJIOK. I3 TeCTOBaHHUX PEYOBUH B To1 ke yac Mi>k BKa3aHMMHU CIIOJIyKaMH1 TaKO0XK
HaMOI/IbIIO aKTUBHICTIO BiZI3HAYa/IUCA CIIONIYKH 46 cliocTepirasacs Pi3HULS B aKTUBHOCTI — Oi/IbIy epek-
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Ta6bnuuya 3
Cnektpu AMP *C cnonyk 4a, B, T, B, €
©
= 8, Mm.u.
5
5 H3C HZCO HC= R? Csnipazon Csnipazon R® C4nipa30n C(O)OR1 HC=N C4Tia30n CzTiazon CSTiazon C(O)OEt
120.08,
4a| 1427 | 6131 [11427|1271%1142.91(14339| - 1200815164 15267 | 161.47 | 162.84| 163.82 | 165.41
138.05
110.68, 115.16,
127.42 118.34,
4 | 15.0 | 61.41 |116.21 129'92’ 141.57 [ 143.45(119.02,{ 120.22 | 151.08 | 152.68 | 159.88 | 162.81 | 164.07 | 165.43
138‘38’ 130.80,
’ 143.45
58.09,
20.24, 113.76,
119.76, 118.17,
4r | 13.64 | 61.44 |114.49|124.62,|141.74|143.24127.02,/ 119.73 | 151.32|152.72|159.63 | 162.80 | 164.07 | 165.53
129.72, 128.97,
134.69 141.17,
159.04
119.58,
13.95 | 61.02 127.81,
4n 14.09 | 6124 114.40 129.31, 142.36 | 142.81 - 121.38151.45[152.73|161.31|163.15|165.38 | 165.35
138.51
116.13,
13.87 | 60.63 117.08,
4e ’ ) 118.83|118.83,| 141.07 | 141.59 - 120.80 | 151.05|152.54 | 159.79 | 164.07 | 164.07 | 165.30
13.94 | 61.41
129.80,
140.78

TUBHICTb 3HMXEHHA LyKPY PEECTPYBaJIU MiJ BIUIU-
BOM ecTepy 4€. Takoxx Ipomvisganach pisHULA y LIBUJL-
KOCTi HacTaHH4 JAii: ciosiyka 46 MoBiJibHillle BUK/IU-
KaJla 3HKEHHSI BMICTY [VIIOKO3U B KPOBI, aJie ii epekT
yTPUMYBABCS JIOBIIIE, HIXK ¥ criosiyku 4€. Takuii pakT
i TBEep/KYETHCS 30eperKeHHSIM rinoriikeMiyHoi Jii
HaBiTb yepe3 106y Mic/is BBeIeHHs KUCI0TH 46. B 1jyx
YMOBaXx BMICT IJIFOKO3W BU3Ha4YaBCs Ha piBHI Bif -14,4%
o -18,7%, a nicsia BBefeHHd ecTepy 4€ - Big 0 g0
+8,1% y nopiBHAHHI 3 BUXiZJHUM cTaHOM. B TOM >xe yac
ecTep 4€ iHiLilOBaB 3HWKEHHS KOHLIeHTpalil IJo-
KO3H B KpOBI Jiell0 mi3Hillle, ajie Horo rinorjikeMiy-
HUM edeKT OYB CHUJBbHILIMM Ta KOPOTIIMUM 3a Tep-
MiHOM BIIJINBY Ha BYTJIEBOJAHUM 0OMiH i yTpUMaHHS
edekTy rinorsikemii.

TakuM YMHOM, CUHTE30BaHi HOBI MoxiHi Tia3o0-
JIiIMHOHIB, 0cO6JIMBO crioJiyku 46 Ta 4€, nicis ix pe-
TEeJIbHOTO JOKJIIHIYHOTO BUBYEHHS Ta JOCJIiPKeHHS
TOKCUYHUX BJIaCTUBOCTEH i 6€3MeYHOCTi MOXKYTh CTa-
TH NpeTeHleHTaMU [JJI CTBOPEeHHS HOBUX Tilorii-
KeMiYHHUX 3ac006iB.

ExcnepuMeHTanbHa XiMiyHa YacTUHA

[Y-crieKTpy CMHTE30BaHUX CIIOJIYK 3alMCaHi Ha
crektpodoromeTpi UR-20 B Tabs1. KBr. Ciextpu AMP H
3apeecTpoBaHi Ha criekTpodoTomeTpi Varian-Gemi-
ni (300 MI'u) B po3uuHi IMCO-d,, BHyTpilIHi{ cTaH-

JapT — TeTpaMeTHJICWIaH. XpOMaTOMac-CleKTPY OTPHU-
MaHi Ha npusafi PE SCIEX API 150 EX [meTekTopu
UV (254 um) Ta ELSD].

4-{[(AmiHOKap6OHOTIOLI)riApa3oHO|MeTH}-
1H-nipa3os1-3-kap60HOoBi Kucjaortu (3a-r) Ta ix eTu-
J0Bi ectrepu (34-xk). Cymim 0,01 Mosib anbaerigy
1a-a Ta TioceMikap6a3uay 2a-B B 10 MJ1 KpurKaHOi
OIITOBOI KMCJOTH KU ATUIU BIpoaoBxK 30 xB. Po3-
YUHHHUK BiiraHSJIM [0 MMOJIOBUHU I10YaTKOBOTO 00'E-
My, ocaZ, BigdinbTpoByBaiH, NPOMUBAIH XOJI0AHUM
€TaHOJIOM i KPUCTaJli3yBasIu 3 ETAHOJIY.

4-{2-[(2-ETOKCH-2-0KCOETITiAeH)-4-0KCO0-1,5-
TiazosiguH-2-i1igaeH]-rigpasono}merna-1H-nipa-
30J1-3-Kap06O0HOBi KUCI0THU (4a-Tr) Ta iX eTUI0BI
ectepu (44-x). Jlo po3unny 0,002 Mosb TioceMi-
kap6a3ony (3a-xk) B 15 mu1 etanony gonaBanu 0,34 r
(0,002 Mousb) aieTunaneTUIeHAUKApOOKCUIATY i KU-
I'SITUJIK BOPOJOBXK 3 rojl. PeakuifiHy cymiin oxosio-
»KyBaJll, yTBOpPeHUU oca/, BifjdinbTpoByBa/u i Kpu-
CTaJli3yBaJIy 3 €TaHOJLY.

ExcnepumMmeHTanbHa 6iomeguyHa YacTuHa

l'imorikeMiYHy aKTUBHICTb OTPUMAHHUX CIIOJIYK
JIOCJIiPKyBaJIM Ha 6i/1Mx 6€3M0pOAHUX MUIIIaX 060X
craTteit Macoro 20-30 r. TBapuH po3Aingu Ha 3 rpy-
nu: 1) KOHTPOJIbHA, B SIKil IEPOpaibHO 30H/I0M BBO-
JUIU po34uHHUK: 0,1 MJ1 fUMeTHICYAbPOKCUY +
41
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Ta6bnuua 4
[dnHamika 3MiH piBHA IMIOKO31M B KPOBI MULLIEN Y Pi3HI Nepiogw Nicna nepopanbHOro
BBeAEHHA JOCNiAXKYyBaHMX PeUYOBUH (4a-4xK)
Yac nicna BBeAeHHA peyoBUH, rog
Cnonyka | [o3a, MM/Kr Bp. ] 3 5 3 22
KoHTponb 0,3 mn 7,410,2 7,310,3 6,610,2 6,9+0,3 6,9+0,3 7,310,2
0,002805 7,2+£0,5 6,9+0,4 6,3*+0,3 6,5%+0,3 6,5*+0,3 7,4+0,3
MiornitasoH 0,02805 6,5+0,4 6,2+0,4 5,2*+0,3 5,7*%0,5 5,8%+0,4 7,0+0,3
0,02805 7,1+0,5 6,6+0,4 5,7*+0,4 5,1*+0,3 6,1*+0,4 7,0+0,5
0,002419 8,1+0,6 7,1+0,5 6,6+0,5 6,2+0,5 53*+0,4 7,4+0,5
4a 0,02419 9,6+0,5 7,2*+0,4 7,4%+0,5 7,2%+0,5 7,0¥+0,4 8,9+0,6
0,2419 8,1+£0,6 5,8%+0,4 3,5%%+0,3 4,5%*+0,3 3,5%%+0,3 7,8+0,5
0,002342 9,0+0,6 7,9+0,6 7,4+0,5 5,2%*+0,3 6,5%*+0,3 7,7+0,5
46 0,002342 8,0+0,6 7,2+0,5 5,3*+0,3 5,2%*+0,3 4,7%%+0,3 6,8+0,5
0,002342 8,0+0,7 6,0+0,5 5,4*+0,4 3,3%*+0,3 3,5%*+0,3 6,5+0,4
0,001749 6,9+0,5 6,8+0,6 5,7+0,5 6,9+0,4 6,004 7,0+0,4
4B 0,01749 8,4+0,6 7,31£0,5 54%+0,4 6,5%+0,4 6,0%+0,4 8,0+0,4
0,01749 7,4+0,5 6,6+0,5 5,4*+0,4 4,5%*+0,4 4,2%%+0,3 6,1+0,5
0,0022265 6,7+0,5 6,5+0,5 6,0+0,5 6,0+0,4 4,1**+0,4 7,310,5
4r 0,022265 7,8+£0,6 6,4+0,5 6,4*+0,4 7,6+0,5 6,1*+0,5 7,5+0,5
0,22265 8,5+0,5 7,5£0,5 54*+0,4 7,2+0,5 5,8*+0,4 8,4+0,5
0,002491 8,3+0,6 6,7+0,5 6,9*+0,4 6,4*+0,4 6,6*+0,3 7,8+0,4
4n 0,02491 7,4+0,5 5,4*+0,4 5,5*+0,4 5,8%+0,5 6,4+0,5 8,0+0,5
0,2491 7,5£0,5 5,9*+0,4 5,9*+0,4 5,2*+0,5 5,8+0,5 7,5+0,5
0,001860 8,2+0,6 6,7£0,5 51*+0,4 4,8*+0,3 4,5%+0,3 8,0+0,5
4e 0,01860 6,9+0,5 7,2+0,6 5,4*+0,4 7,2+0,6 6,3+0,5 6,9+0,5
0,1860 7,3+0,6 7,1+0,6 6,0+0,5 4,5%**+0,4 3,8%*+0,3 3,5%+0,3
0,002121 8,5+0,6 6,8+0,5 5,7*+0,4 5,8*+0,4 7,0+0,5 6,6+0,5
4e 0,02121 7,7+0,6 6,3+£0,5 4,1%*+0,3 3,3**+0,3 3,5%%+0,3 6,1£0,5
0,2121 7,4£0,5 5,8%+0,4 3,6%+0,3 3,0%*+0,3 2,7%%+0,2 6,6+0,5
0,001731 9,2+0,6 7,8+0,5 6,9*+0,4 6,4*+0,4 7,0*+0,4 8,7+0,5
4 x 0,01731 8,0+0,5 6,3*+0,4 6,2*+0,4 6,1*+0,4 6,2*+0,3 7,940,5
0,1731 8,9+0,6 7,3+£0,5 6,2*+0,4 6,3*+0,4 5,5%+0,3 8,4+0,5
MpumiTku: B.p. (BMXiaHwWi piBeHb); * — P<0,05 BigHOCHO BMXigHOrO piHsl; ** — P<0,05 BiAHOCHO NiOrNiTa3oHy.
Tabnuuya 5

MopiBHANbHa AHaMiKa 3MiH PiBHA rNoKo3U (B %) B KPOBi MULLEN Y pi3HI Nepiogu Nicna nepopanbHOro
BBEeAEHHA JOCNiAXKYBaHUX PeYOBUH

Yac nicna BBefEeHHA peyoBUH, rog
Cnonyka | Jo3a, MM/Kr B, 1 3 s 3 >4
KoHTponb 0,3 mn 100% -1,3 -10,8 -6,7 -6,7 -1,3
0,002805 100% -4,2 -12,5 -9,7 -9,7 2,8
[MiornitTasoH 0,02805 == -4,6 -20,0 -12,3 -10,8 7,7
0,02805 == -7,0 -19,7 -28,2 -14,1 1,4
0,002342 100% -12,2 -17,8 -42,2 -27,8 -14,4
46 0,002342 -1 -10,0 -33,7 -35,0 -41,2 -15,0
0,002342 - -25,0 -32,5 -58,7 -55,0 -18,7
0,002121 100% -20,0 -32,9 -31,8 -17,6 6,0
4e 0,02121 - -18,2 -46,7 -57,1 -54,5 8,1
0,2121 “ -21,6 -51,4 -59,5 -63,5 0
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0,2 M1 3% KpoxMaJIbHOTO reJito; 2) rpyna MylleH,
AKUM BBOJWJIM IIpenapaT NOpPiBHAHHA NIOIVIiTa30H;
3) mizmocaigHa, SKa OTPUMyBaJia CAHTE30BaHY CIIO-
JIYKY V¥ BKa3aHOMY PO3YUHHUKY.

[lepBUHHUU CKPUHIHT JJaBaB MOXJMBICTb BiJi-
OpaTu MoxiAHi 3 HAABHOIO 3/IaTHICTIO BIUIMBATH Ha
KOHILIEHTpallil0 TJIIOKO3W B KPOBI, NOPIBHATH IX Ti-
noryiikeMiyHUM epeKT 3 Jlielo pedbepeHTHOTO Mpena-
paTy. OLiHKy NpOBOAUJIN LIJIIXOM IOPIBHSHHSA 3MiH
KOHLIeHTpalil IVII0KO3U B KPOBIi Ilepe/; BBe,eHHAM
JloCTiKyBaHUX pedyoBUH Ta yepe3 1,3, 5,8 ta 24 rox
nicsis uboro. PiBeHb IVII0KO3U B KalJISIpHiN KPOBI 3
XBOCTa MHUIII BH3Ha4yaau rirokoMerpoM BIONIME
Rightest GM 110 (IlIBeliuapisi), 3apeecTpoOBaHUM Y
MO3 Ykpainu 3a N27674/2008. Cio/iyKy BBOAUJIH
B go3ax 0,001731-0,002491, 0,01731-0,02491 Ta
0,1731-0,2491 MM /Kr a1 Bif60py HaHaKTUBHIIIIMX
3 HUX.

OTpuMaHi pe3ysbTaTh 06pOO6JIAIN 3 BUSHAUEH-
HSM JIOCTOBIpHOCTI BiAMiHHOCTEN MiXK ITOKa3HUKa-

JlitepaTtypa

Khan S. E. Diabetologia, 2003, Vol. 46, No.1, pp.3-19.

O 0N AR N =

MM NiAJ0CAIHUX | KOHTPOJIbHUX TBAPUH Ta Ipemna-
paToM nopiBHsAHHS (p<0,05) 3 BUKOPUCTAHHSM CTaH-
JapTHUX nporpam Microsoft Excel [24, 25].
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SYNTHESIS AND THE BIOLOGICAL ACTIVITY OF 4-HYDROXY-
2,2-DIOX0-1H-22%1-BENZOTHIAZIN-3-CARBOXYLIC ACIDS
TRIFLUOROMETHYL-SUBSTITUTED ANILIDES
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Key words: anilides; 2,1-benzothiazines; synthesis; trifluoromethyl group; analgesic activity;
diuretic properties

In order to reveal the regularities of the “structure — biological activity” relationship by interaction of esters
of 1-R-4-hydroxy-2, 2-dioxo-1H-2A8, 1-benzothiazin-3-carboxylic acids and trifluoromethyl substituted anilines in
boiling xylene with good yields and purity the corresponding N-aryl-4-hydroxy-2,2-dioxo-1H-2A%, 1-benzothiazin-
3-carboxamides have been synthesized. The structure of the compounds obtained has been confirmed by the
data of elemental analysis and NMR "H spectroscopy. It has been shown that the presence of trifluoromethyl
groups having the powerful electron-withdrawing properties affects the position of signals of the aniline moiety
protons: comparing to the spectra of the model methyl derivatives they undergo a significant paramagnetic shift.
According to the results of the pharmacological studies conducted it has been found that the replacement of methyl
groups in the anilide moiety of 1-R-4-hydroxy-2, 2-dioxo-1H-2A%, 1-benzothiazin-3-carboxamides to trifluoromethyl
has a different effect on their analgesic activity, which can remain at the original level, be completely lost or sig-
nificantly increase. However, N-aryl-4-hydroxy-2, 2-dioxo-1H-2A®, 1-benzothiazin-3-carboxamides definitely lose the
ability to influence in any way on the excretory renal function after this chemical modification.

CUHTE3 TA BIOJIOIN4YHA AKTUBHICTb TPUOTOPOMETUIISAMILUEHUX AHINIZIB 4-rPOKCU-2,2-Al-
OKCO-1H-2A5,1-BEH30TIA3UH-3-KAPEOHOBUX KUCJIOT

J1.0.lMempywoea, I.B.Ykpaineub, C.I.[43106eHko, J1.0.piHesuy

Knroyoei cnoea: axiniou; 2,1-6eH3omia3uHu; cuHme3s; mpughmopomMmemuribHa apyrnna; aHara2emuyHa akmus-
Hicmb; OiypemuyHi enacmueocmi

3 mMemoro susienieHHs1 3aKOHOMIpHOCMeU 38’s3Ky «cmpykmypa — bionoeiyHa akmugHicmby» 83aemModiero ecme-
pig 1-R-4-2i0pokcu-2, 2-0iokco-1H-2A8, 1-6eH30mia3uH-3-kapb0oHO8UX KUCITOM ma mpughmopomemuni3amillyeHux
aHininie y Kunnsg4omy kcurnorsi 3 obpumu suxo0amu i HUCMOMOoK cuHme3o8aHi 8i0rnosioHi N-apur-4-2i0pokcu-
2,2-0iokco-1H-2A8, 1-6eH30mia3uH-3-kapbokcamiou. bydosa o0epxkaHux criolyk 0ogedeHa OaHUMU e1eMeHMHO-
20 aHanidy ma criekmpockonii IMP "H. Noka3aHo, wo npucymHicms mpughmopoMemuribHUX 2Py, SIKi 8Us18rsi-
oMb CUIbHI ereKmMpPoHOaKUENmMOopPHI 81acmueocmi, Mo3Ha4aembsCsi Ha rOSIOKEHHI CU2Harsig MPOMOoHI8 aHinioHuUX
ppazmeHmie — MopieHsIHO 3i criekmpamu MOOEesIbHUX MeMUsIbHUX MOXIOHUX 80HU rid0arombCsi Cymmesomy rna-
pamazHimHoMy 3cysy. 3a pesynbmamam rnposedeHuUx hapMakonoeiyHUx aunpobosysaHsb 3Hali0eHo, Wo 3amiHa
MemuribHUX 2pyn 8 aHiniOHomy gppaemeHmi 1-R-4-2idpokcu-2,2-0iokco-1H-2A%, 1-6eH30mia3uH-3-kapbokcamidie
Ha mpugbmopomMemursibHi Mo-pisHOMY 8riusac Ha ix aHareemuyHy akmugHicCmb, sika MOoXe 3anuwamucs Ha 8u-
XiOHOMY pigHi, MosHicmio empadamucs abo X 3Ha4yHO rocusnreamucs. A ocb 30amsicme ennusamu 6yOb-aKum
YUHOM Ha ce4yosudinbHy hyHKUi0 HUPOK N-apurn-4-2i0pokcu-2,2-0iokco-1H-2A, 1-6eH30mia3uH-3-kapbokcamiou
nicnsi 3a3Ha4eHoi XiMidHoi Modugbikauii 0OHO3HaYHO empavyaromes.

CUHTE3 Y BUOJTIOMMYECKASA AKTUBHOCTb TPUO®TOPMETUIIBAMELYEHHBIX AHUITNOOB 4-r'ijPOKCU-
2,2-IMOKCO-1H-2A%,1-BEH30TUA3UH-3-KAPBOHOBbLIX KUCJIOT

J1.A.lMempywoea, U.B.YkpauHeu, C.I1.[J3t06eHko, J1.A.[puHesuy

Knroueenle crioea: aHunuobl; 2,1-6eH3omua3suHbi; CUHME3; mpughmopmemuribHas epynna,; aHarbeemu4yecKkasi
akmusHocmb, Ouypemuyeckue ceolicmea

C uernbto 8blisierieHuUs1 3aKOHOMepHocmel ces3u «CmpyKmypa — buoroaudeckasl akmueHocmby e3aumodelicmeuem
CIOXHbIX 3¢bupos 1-R-4-2udpokcu-2,2-0uokco-1H-2A°, 1-6eH3omuasuH-3-kapboHO8bIX Kucom u mpugmopme-
murn3amelweHHbIX aHUMUHO8 8 KUMSILLEM KCUJIome C XOpowUMU 8bixodaMu U YUCmMomoU CUHMe3upos8aHbl cOom-
eemcmeyrowue N-apun-4-eudpokcu-2,2-0uokco-1H-2A°, 1-6eH3omuasuH-3-kapbokcamudbl. CmpoeHue norsny-
YeHHbIX coeduHeHUl nodmeepx0eHo daHHbIMU 31eMeHMHo20 aHanusa u cnekmpockonuu SMP 'H. lNoka3saHo,
umo npucymemeue obriadaroujux MOWHbIMU 37IEKMPOHOAKUENMOPHbLIMU ceolicmeamu mpugmopmemusibHbIX
epyrin ckasbleaemcsi Ha Mo/I0XKeHUU CU2Hao8 MpoMmoHO8 aHUMUOHbIX hpacMeHmMo8 — 10 CPaBHEHUK CO CrIeK-
mpamu MoOesIbHbIX MEMUITbHbIX MPOU3BOOHbIX OHU MPEmMeprnesam cyu,ecmeeHHbIl napamasHumHbIl cosue.
o pesynbmamam nposedeHHbIX chapMaKono2u4ecKux ucnsimaHul HalldeHo, Ymo 3aMeHa MemusibHbIX 2Py 8
aHunuoHoMm ppaemeHme 1-R-4-eudpokcu-2,2-0uokco-1H-2A%, 1-6eH3omuasuH-3-kapbokcamudos Ha mpughmop-
MemuribHble Mo-pa3HoOMy 6/1uUsiem Ha UX aHallbeemUYECKyo akmugHOCMb, KOmopasi MOXem ocmasambCs Ha
UCXOOHOM ypOBHe, MOTHOCMbIO MepsimbCsl UU 3Ha4yumesnbHO ycunueamscsi. A 80m crocobHoCMb 8usimb
Kakum-1iubo obpa3om Ha MovesbidenumerbHyto hyHkUuro nodek N-apusn-4-2udpokcu-2,2-0uokco-1H-2A°, 1-6eH-
3omua3suH-3-kapbokcamulbl rocrne ykasaHHoU Xxumudyeckol mMooughukayuu 0OHO3Ha4YHO ympaqusarom.
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Due to its powerful electron-withdrawing proper-
ties the trifluoromethyl group is able to enhance re-
activity of various electrophilic substrates and affect
regioselectivity of reactions involving nucleophiles
[1-2]. The presence of this substituent often allows to
carry out chemical transformations easily that in its
absence do not proceed even in the most rigid con-
ditions; thus, it is widely used in modern prepara-
tive organic synthesis. By its intensive development
chemistry of trifluoromethylated compounds is ob-
liged to the complex of the desirable properties ac-
quired, such as resistance to external factors - tem-
perature, sunlight, oxidation, etc.

The unique effect of the trifluoromethyl substi-
tuents on the properties of the molecule as a whole
has not remained without attention of medicinal che-
mistry - their ability to change significantly the in-
teraction of the active ingredient with the target mo-
lecule, peculiarities of its metabolism and other phar-
macodynamic and/or pharmacokinetic characteris-
tics has been effectively used for a long time when
creating new biologically active substances [3]. As a
result, the range of drugs currently used is more than
three dozen drugs of different pharmacological groups
containing one or even a few of the trifluoromethyl
fragments in their structure [4]. It is not surprising
that this methodology has not lost its significance,
and it is used very widely by modern medicinal che-
mistry [5-12].

Taking into account these circumstances and in
continuation of our studies on the methods of syn-
thesis, chemical and biological properties of deriva-
tives of 2,1-benzothiazines, this message is devoted
to trifluoromethyl analogues of the methyl-substitu-
ted 4-hydroxy-1-methyl-2,2-dioxo-1H-221%1-benzo-
thiazin-3-carboxanilides described earlier [13].

Theoretically, there are several ways of direct
trifluoromethylation of organic compounds [14-21].
However, it is quite clear that to obtain the objects of
the present study it is advisable to use commercially
readily available monotrifluoromethylanilides; in their
reaction with esters (1) in a boiling xylene the syn-
thesis of the corresponding 1-R-4-hydroxy-1-methyl-
2,2-dioxo-1H-2A%1-benzothiazin-3-carboxanilides
2a-f has been carried out with good yields and pu-
rity (Scheme).

Anilides 2a-f are white to yellowish white crys-
talline substances with the narrow melting tempera-
ture range (Table 1). They are moderately soluble in
DME, DMSO and ethyl acetate at room temperature,
and sparingly soluble in alcohol, are practically in-
soluble in water, ether and hexane, but readily solu-
ble in hot aqueous alkaline solutions. Their structure
was confirmed by elemental analysis and NMR 'H
spectroscopy (Tab. 1).

A powerful electron withdrawing effect exhibit-
ed by trifluoromethyl groups on the carbon atoms of
arylamide moieties, and hence to the protons bound
with them, is bound to be reflected in the 'H NMR
spectra of anilides 2a-f. Indeed, compared with the
spectra of the model methyl derivatives, resonance
signals of the corresponding anilide protons in the
spectra of their fluoromethyl analogues 2a-f undergo
a significant paramagnetic shift. Aromatic protons of
benzothiazine rings are too far from trifluoromethyl
substituents to be affected by them in such a noticeable
extent. Therefore, their signals practically do not chan-
ge their positions in the 'H NMR spectra in going from
methyl derivatives to trifluoromethyl ones (see Fig.).

Analgesic properties of the trifluoromethylanilides
2a-f synthesized were studied in white outbred adult
male rats weighing 180-200 g in full compliance with
the provisions of the European Convention on Protec-
tion of Vertebrates Used for Experimental and Other
Scientific Purposes and the Ukrainian Law No. 3447-1V
“On protection of animals from severe treatment” (2006).

The standard model of the tail-flick thermal sti-
mulation was used in the study. It allows identifying
the central component affecting the nociceptive sys-
tem in the mechanism of the analgesic effect of the
substances studied [22]: the rat’s tail tip was immer-
sed in a water bath heated to 54°C, after that the latent
period of the tail withdrawal (immersion) expressed
in seconds was determined. The substances under re-
search and their structurally similar reference drugs -
Meloxicam and Piroxicam - were introduced orally in
the form of fine aqueous suspensions stabilized with
Tween-80 in the screening dose of 20 mg/kg. The
control group received an equivalent amount of wa-
ter with Tween-80. The analgetic effect (in %) was
assessed by the change of the latent period in 1 hour
after administration of the test substances.

Scheme

Xylene, 150 °C, 1 h

2a-f
2: aR=H, 2-CF,;; bR =H, 3-CF,; ¢ R = H, 4-CF,; d R = Me, 2-CF;; e R = Me, 3-CF; f R = Me, 4-CF,
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Table 1
Characteristics of trifluoromethyl-substituted anilides 2a-f
. Found, % / Calculated, % )
Compound | Empirical formula Mp, °C Yield, %
C H N S
2a C,.H,,FsN,0,5 49.94/50.00 | 2.80/2.88 | 7.37/729 | 826/834 | 181-182 86
2b C,H,,FsN,0,5 49.92/50.00 | 2.95/2.88 | 7.35/7.29 | 823/834 | 226-228 88
2c C,H,,FsN,0,5 50.09/50.00 | 2.97/2.88 | 7.38/7.29 | 825/834 | 245-247 92
2d C,,H,5F;N,0,5 5135/51.26 | 337/329 | 6.95/7.03 | 7.96/8.05 | 157-159 85
2e C,,H,5F;N,0,S 5133/51.26 | 3.34//3.29 | 6.97/7.03 | 7.95/805 | 143-145 91
2f C,,H,5F;N,0,5 5131/51.26 | 3.36/329 | 7.08/7.03 | 7.99/805 | 184-186 94

Seven experimental animals were involved to ob-
tain statistically reliable results of each trifluorome-
thylanilide 2a-f, reference drugs in testing and con-
trol. The results of biological tests were processed
by the method of variation statistics using Student’s
t-criterion.

The comparative analysis of the experimental data
given in Tab. 3 with the results of the previous studies
[13] shows that the replacement of the methyl group
in the anilide moiety of 1-R-4-hydroxy-2,2-dioxo-1H-
22%,1-benzothiazin-3-carboxamides to the trifluoro-
methyl one affects quite ambiguously the ability to
suppress the pain reaction. In the case of anilide 2a
it has no effect on this ability, but in the cases of ani-
lides 2b, d, fitleads to its complete loss. At the same
time there are some positive examples, in particu-

M
OH © /@/ ©
A N

[ A
N“ RO

e
Me

H-5

lar, trifluoromethyl substituted anilides 2c,e show a
significant increase in activity compared to their me-
thyl analogues [13]. According to the level of the anal-
gesic effect revealed they significantly exceed Piroxi-
cam, and are almost as good as Meloxicam.

The effect of trifluoromethylanilides 2a-f on the
urinary function of the kidneys was studied accord-
ing to the classical method [23] on white outbred rats
of both sexes weighing 180-200 g in parallel and com-
pared with Hydrochlorothiazide. All animals received
water load in the amount of 25 ml/kg by gavage. The
compounds studied were administered orally in the
form of a thin aqueous suspension stabilized with
Tween-80 in the screening dose of 10 mg/kg, and
Hydrochlorothiazide was taken in its effective dose
(40 mg/kg). The control group received only simi-

H-8 + H-2',6'

8.0 78

N
1O -2',6'
M H-2',6

H-3',5'

76 74 7.2 pp

Fig. Fragments of the 'H NMR spectra (signals of aromatic protons) of 4-methyl anilide of 4-hydroxy-1-methyl-2,2-dioxo-
1H-2\8,1-benzothiazin-3-carboxylic acid [13] and its 4-trifluoromethyl substituted analogue 2f.
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Table 2
"H NMR Spectra of trifluoromethyl-substituted anilides 2a-f
Compound Chemical shifts, 8, ppm (J, Hz)

15.15 (1H, br. s, OH); 12.28 (1H, br. s, SO,NH); 9.63 (1H, s, CONH); 8.03-7.98 (2H, m, H-5.6"); 7.75 (1H, d, J =

2a 7.8,H-3);7.70 (1H,t,J=7.7,H-4); 7,64 (1H,t,J=7.7,H-7); 7.46 (1H,t,J= 7.7, H-5'); 7.28 (1H, t, ) = 7.7, H-6);
7.22(1H,d,J=8.3,H-8)
15.18 (1H, br. s, OH); 12.30 (1H, br. s, SO,NH); 9.71 (1H, s, CONH); 8.06 (1H, s, H-2); 8.01 (1H, d, J = 7.9, H-5);

2b 7.80(1H,d,J=7.9,H-6); 7.63 (1H,t,J=7.6,H-7); 7.58 (1H,t,J=7.9,H-5'); 7.47 (1H, d, J= 7.5, H-4"); 7.28 (1H,
t,J=7.6,H-6);7.21 (1H, d, J= 8.3, H-8)

2 15.16 (1H, br. s, OH); 12.28 (1H, br. s, SO,NH); 9.79 (1H, s, CONH); 8.00 (1H, d, /= 7.9, H-5); 7.84 (2H, d, /= 8.0,
H-26"); 7.67 (2H,d, J=8.0,H-35"); 7.62 (1H,t,J= 7.7, H-7); 7.27 (1H, t, J = 7.6, H-6); 7.21 (1H, d, J = 8.1, H-8)
14.93 (1H, br. s, OH); 9.66 (1H, s, CONH); 8.09 (1H, d, J= 7.9, H-5); 7.99 (1H, d, /= 8.0, H-6'); 7.78 (1H, t, J =

2d 79,H-4); 774 (1H,d,J=7.9,H-3"); 7.70 (1H, t,J=7.9,H-7); 749 (1H, d, J= 8.4, H-8); 7.44 (1H, t, ] = 7.9, H-5);
7.39(1H,t,J=7.5,H-6); 3.51 (3H, s, N-Me)
14.98 (1H, br. s, OH); 9.82 (1H, s, CONH); 8.09 (1H, d, J= 7.9, H-5); 8.05 (1H, s, H-2"); 7.81 (1H, d, J=7.9, H-6");

2e 7.76 (1H,t,J=7.8,H-7); 7.59 (1H, t,J = 7.9, H-5'); 7.50-7.45 (2H, m, H-8.4); 7.38 (1H, t, J = 7.6, H-6); 3.50 (3H,
s, N-Me)

of 15.02 (1H, br. s, OH); 9.80 (1H, s, CONH); 8.08 (1H, d, J = 7.9, H-5); 7.83 (2H, d, = 8.0, H-2,6); 7.77 (1H, , J =
7.7,H-7); 7.66 (2H, d, J = 8.0, H-3;5"); 7.48 (1H, d, /= 8.3, H-8); 7.38 (1H, t, / = 7.4, H-6); 3.50 (3H, s, N-Me)

lar amount of water with Tween-80. After that the
experimental animals were placed in “metabolism
cages”. The amount of urine excreted by the animals
within 4 hours was the indicator of the intensity of
uropoiesis. The results obtained (Tab. 4) show that
when transferring from the methyl derivatives to tri-
fluoromethyl ones the ability of N-aryl-4-hydroxy-2,2-
dioxo-1H-22%1-benzothiazin-3-carboxamides to in-
crease or, conversely, inhibit diuresis is completely
lost. Therefore, in the search for new potential diure-
tics our chemical modification is impractical.

Experimental Part

'H NMR spectra of the compounds synthesized
were recorded on a Varian Mercury-400 device (with

Table 3

The analgesic properties of anilides 2a-f
on the “tail-flick” model in rats

The latent period| Change of
Position in 1 h after the latent
Compound | R administration period,
CF,
of the compared to
compounds, s | control, %
2a H 2 3.14+0.11 0
2b H 3 3.15+0.10 0
2C H 4 4.84 +0.14* +54.0
2d Me 2 3.69+0.12* +17.6
2e Me 3 4,50 +0.15*% +43.2
2f Me 4 3.40+0.12 +8.3
Meloxicam | - - 491+0.17* +56.3
Piroxicam | - - 3.96+0.15* + 26.1
Control - - 3.14+0.14 -

* — differences were significant at p<0.05 compared to the control.

the operating frequency of 400 MHz) in the solution
of DMSO-d,, the TMS internal standard. Elemental
analysis was performed by an EuroVector EA-3000
microanalyzer. Melting points were determined in
the capillary on a SMP10 Stuart digital analyzer of the
melting point. The initial esters of 1-R-4-hydroxy-
1-methyl-2,2-dioxo-1H-2A%1-benzothiazin-3-carb-
oxylate (3) were synthesized by the method descri-
bed earlier [24].

Trifluromethyl anilides of 1-R-4-hydroxy-2,2-di-
ox0-1H-22°1-benzothiazin-3-carboxylic acids (2a-f).
General Procedure. Thoroughly stir the mixture of
0.01 mol of ester 1 and 0.01 mol of the corresponding
trifluoromethyl substituted aniline in 5 ml of a dry
xylene and heat on a metal bath at 150°C for 1 h. Cool
the reaction mixture, add 5 ml of ethanol and allow to
stand for several hours at room temperature. Filter
the resulting crystals of trifluoromethylanilide 2a-f,

Table 4

The diuretic activity for anilides 2a-f and
Hydrochlorothiazide

Compound Diuresis within D.iu.retic
4h, ml activity * %

2a 4.04+0.26 -5
2b 4.89+0.32 +15
2c 4.77+0.30 +12
2d 3.96+0.25 -7
2e 4.38+0.31 +3
2f 4.56+0.35 +7

Hydrochlorothiazide | 6.43+0.38%** +51

Control 4.26+0.33 -
*“4+” —increase, “—" — inhibition of diuresis compared to the control

taken as 100%; ** — differences were significant at p<0.05 compared
to the control.
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wash with cold ethanol and dry. Crystallize from the
mixture of DMF /ethanol.

Conclusions

1. Trifluromethyl-substituted anilides of 4-hyd-
roxy-2,2-dioxo-1H-2A%1-benzothiazin-3-carboxylic
acids have been synthesized in order to identify the
structural and biological regularities that are impor-

tant for the subsequent search for new analgesics
and diuretics in a series of 2,1-benzothiazine.

2. As aresult of the pharmacological screening it
has been found that the presence of trifluoromethyl
groups in the anilide moiety of N-aryl-4-hydroxy-2,2-
dioxo-1H-2A%1-benzothiazin-3-carboxamides positi-
vely affects their analgesic properties, but it does
not provide the diuretic activity.
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CTBOPEHHA IHHOBALIHHUX JIIKAPCbKUX 3ACOBIB
(IMIAX0AU TA METOA0JIOTIA DRUG DESIGN) - OAHE 3

K/JII0YOBUX MUTAHb CYYACHOI ®PAPMALIEBTUYHOI OCBITH

A.Il.Kpumuwus, /I.B.Kamincekui, P.b.Jlecuk

JIbBIBCbKMI HalliOHaJIbHUU MeJUYHUH yHIBepcuTeT iM. [laHua ['anunbpKoro
79010, m. JIeBiB, By:. [lekapceka, 69. E-mail: dr_r_lesyk@org.lviv.net; roman.lesyk@gmail.com

Karouosi caosa: drug-design (koHcmpy08aHHS AIKi8); MeQu4Ha XiMisl; KoMn tomepHi mexHo/02ii; oceima

lMpedcmaeneHi cy4dacHi nioxo0u 00 cMEOPEeHHSs IHHOBaUIUHUX JliKapCbKux 3acobie Ha OCHO8I Maslux MOMEKYI
(small molecules), 06’¢dHaHux y cucmemy docnidxeHb — drug design (KoHcmpyrosaHHs ikie). [NMpedcmasneHi
HatinowupeHiwi KoHUenujii ma emariHicme rpouecie cmeopeHHs iHHosauiliHUX flikapcbKux 3acobie 3 sukopuc-
maHHsIM KoHUuenuii «eid idei — do npenapamy». lNoka3aHo eaxugicmb ma posb KoM'tomepHux (in silico) me-
modig y cmeopeHHi rnikapcbkux 3acobis, wo sidobpaxeHo y nputiomax CADD (computer assisted drug design),
Hanpuknad: QSAR-aHarni3, 0oKiH208i O0CIOXEHHSI, MOMEKYIIPHE MOOET8aHHS, OuiHKa nodibHocmi, 1ikornodi6-
Hicmb mouwjo). BuceimneHi nioxodu Ha cy4acHoMy emarii € 0OMiHaHMHUMU Yy CMBOPEHHI iHHosaujiliHux J13 ma e
npedmMemom MocmiliHo2o iHmepecy HayKoeoi crimlbHomu. binbwicmbs OCHOBHUX MOMEHMI8 € IHMeapo8aHoK 8
HaeyarbHi Kypcu cmydeHmig-ghbapmauesmis (Ha pisHi PharmD ma MS y 3axiOHux kpaiHax) e pamkax oucyunmiHu
MeduyHa ximiss (Medicinal Chemistry) ma npedcmasneHa 8 asmopumemHux rnidpy4yHukax. Hamomicme 8 YkpaiHi
Ui MumMaHHs MPakmMu4Ho 3asulWeHi r103a y8az2o ma HadasbHO Mpo2pamMoro nid2aomosku nposisopis. lokasaHa
HeobxiOHicmb 8uUCBIMIIEHHSI Cy4acHO20 cmaHy npobrnemMamuKku CmeOPEHHS JlikapCbKux 3acobie npu nid2omos-
ui cmydeHmis-ghapmavesmis, 8paxosyrodu MPUHUUM yiricHocmi ghapmayesmuyHOi eany3i ma onuparyuch Ha
32adaHy xonicmu4Hy KoHuenuiro «eid idei — 0o npenapamy». Lle do3sonums nikeidysamu po3bixxHocmi (i/abo
2apMOHi3ysamu iX) MiX «3axiOHOK» ma rnocmpadsiHCbKOK cucmemMamMu 0c8imu, 30Kpema i 8 KOHMeKCcmi 8uKa-
OaHHs1 MeduyHoi/bapmauyesmuyHoi ximii. OOUH 3 MOXUBUX 8apiaHMI8 8UPIWEeHHST makoi cumyauii € 3anposa-
OxeHuli Hamu Kypc «Kommn’rtomepHi mexHonoeil' y ghapmauii» (0ns cmydeHmie 4-20 Kypcy), skul dae Moxusicmps
8UBYEHHS 3az2alibHuUX nidxodie cy4acHozo drug design.

CREATION OF INNOVATIVE DRUGS (APPROACHES AND METHODOLOGY OF DRUG DESIGN) - ONE OF
THE MAIN ISSUES OF THE MODERN PHARMACEUTICAL EDUCATION

A.P.Kryshchyshyn, D.V.Kaminskyy, R.B.Lesyk

Key words: drug design; medicinal chemistry; computer technology; education

The article is devoted to modern approaches to the creation of innovative drugs based on the so-called small
molecules combined into the research system — drug design. The most common concepts and phasing of the
processes of the innovative drug creation based on the concept “from idea — to a drug” are presented. The impor-
tance and role of the computer (in silico) methods in creating drugs reflected in CADD (computer assisted drug
design) methods, for instance: QSAR-analysis, docking studies, molecular modeling, assessment of similarity
and druglikeness, etc.) are discussed. Currently, being the permanent subject of interest of the scientific commu-
nity, the approaches described are dominant in creating innovative drugs. Most of the major issues are integrated
in training of pharmacy students (PharmD and MS levels in Western countries) within the discipline “Medicinal
Chemistry” and are described in authoritative textbooks. At the same time, practically no attention is paid to these
issues in Ukraine, and they are beyond the curricula for pharmacy students. There is the necessity of coverage
of the current state of drug creation when training pharmacy students taking into account the principle of integrity
of the pharmacy branch and based on the “from idea — to a drug” holistic concept mentioned. It allows to fill in
the gaps between “western” and post-Soviet education systems (and/or their harmonization), especially in the
context of teaching Pharmaceutical/Medicinal Chemistry. One of the possible solutions is our course “Computer
Technology in Pharmacy” (for the 4" year students) covering the main milestones of drug design.

CO3JAHUE UHHOBALMWNOHHbLIX JIEKAPCTBEHHbIX CPEACTB (fnnogxoAbl U METOQOJI0OMMNA DRUG
DESIGN) — O4QWH U3 KITOYEBBLIX BONMPOCOB COBPEMEHHOI'O ®APMALIEBTUYECKOIO OBPA3OBAHUS
A.l.KpuwyuwuH, 4.B.KamuHckul, P.B.Jlecbik

Knrovesnie cnoea: drug-design (koHcmpyupogaHue riekapcms); MeOQUUUHCKasi XUMUST; KOMIMbIOMepPHbIe mex-
Honoauu; obpasosaHue

B pabome npedcmaeneHbl cO8peMeHHbIe Mo0X00bl K c030aHU0 UHHOBAUUOHHbIX JIeKapCmMeEeHHbIX cpedcms Ha
0CHOB€e mak Ha3bigaeMbIx Maribix Morekys (small molecules), komopbie 06beOUHEHbI 8 cucmeMy uccriedoeaHull
drug design (koHcmpyupogaHue niekapcms). [NpedcmasrieHbl caMmble pacrnpocmpaHeHHbIe KOHUenuuu u amari-
Hocmb rpoueccos co30aHuUsi UHHOBaUUOHHbIX JflekapcmeeHHbIx cpedcme (J1C) ¢ ucronb3o8aHueM KOHUenuuu
«om udeu — K npenapamy». [lokazaHa 3Ha4UMOCMb U POJib KOMMbomMepHbIx (in silico) Memodos e co3daHuu ne-
KapcmeeHHbIx cpedcma, Ymo ompaxeHo 8 npuemax CADD (computer assisted drug design), Hanpumep: QSAR-
aHarnu3s, 0oKUHa08ble uccriedoeaHusi, MOeKynspHoe ModenuposaHue, oueHka cxoocmea, druglikeness um. 0.).
PaccmompeHHble nodxo0bl Ha CO8PEMEHHOM 3marie s16/1stomcsi O0OMUHaHMHbIMU 8 CO30aHUU UHHOBAUUOHHbIX
JIC u aensromcs npedmemom rnocmosiHHO20 UHmMepeca Hay4yHo2o coobujecmeaa. bornbuwuHCmeo 0CHOB8HbIX MO-
MeHmMOo8 UHMezpuposaHsbl 8 y4ebHbIe Kypchbl crmydeHmos-ghapmayesmos (Ha yposHe PharmD u MS e 3anadHbix
cmpaHax) 8 pamkax OucyurnnuHbl MeduyuHckas xumusi (Medicinal Chemistry) u npedcmaeneHbi 8 asmopumem-
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HbIX yyebHuUKax. B YKpauHe xe amu 80rpochl Npakmu4yecku ocmaerneHbl 6e3 eHUMaHUsI U 3a pamkamu y4eb-
HbIX rpoepamMm nod2omosku nposu3sopos. lokazaHa HEO6X0OUMOCMb OC8EWEHUST COBPEMEHHO20 COCMOSIHUS
rpobriemamuku co30aHus fieKkapcmeeHHbIX cpedcme rpu nod2omoske cmydeHmos-ghapmayesmos, y4umsieasi
MPUHYUN yenocmHocmu ¢ghapmayesmuyeckol ompaciiu U onupasicb Ha yrnoMsiHymyto XomuCmu4ecKyo KOHUer-
yuro «om udeu — K rpernapamy». 3mo no3eonum nukeuduposams pasHoznacus (U/unu 2apMoHU3UpPO8amb UX)
mex0dy «3anadHoli» U mocmcosemckol cucmemamu obpa3osaHusi, 8 MOM Yucrie U 8 KOHmMeKkcme rpenodasa-
Hus meduyuHckol/bapmayesmuyeckol xumuu. OOUH U3 BO3MOXHbIX 8apuUaHIMos peweHus makol cumyayuu
sensiemcsi 86e0eHHbIl Hamu Kypc «KomrnbromepHbie mexHornoauu 8 ghapmayuu» (0511 cmyOeHmos 4-20 Kypca),
KomopsbIli daem 803MOXHOCMb U3y4YeHUs obuwux nodxo0oe cogpemeHHo20 drug design.

CBIT 3 KO)KHUM POKOM CTa€ BCe JMHAMIYHIIINM,
iHHOBaLiMHI TeXHOJIOTil BHPOBa/KYOThCSA OYKBaJlb-
HO y BCi chepu KUTTEAIATBHOCTI JIOJUHY, | apMa-
IeBTUYHA rajy3b He € BUKJoUeHHaM [1]. @axiBii
dbapManeBTHYHOI iHAyCTpii MOBUHHI BOJIOJITH LIU-
POKHMHU 3HAHHSIMHU SIK Y JapUHi pyHAaMEHTATbHUX
dapmaLeBTHYHUX/MeJUYHUX HAYK, TaK i 6yTH 06i-
3HAHUMMU i3 Cy4YaCHUMM MeTOLaMHU Ta MiX0AaMHU 10
CTBOpEHHS JiikapcbKUx 3aco6iB (J/13). Ha »xasb, poJib
Cy4acHOTr0 poBi3opa B YKpaiHi Ha CbOTrOZjHi 3BOJUTh-
¢ 1o peaJtizallii ikapcbKHUX 3aC00iB, i JTMIlle He3HAY-
HUH BifCcOTOK cneniaicTiB micasa 3akiHuenHusa BH3
Npallo€E B rajy3i CTBOpeHHs/BUPOOHHULITBA JIiKapCh-
KHX 3aco6iB. [IpoTe came cTBOpeHHsI iHHOBaLiHHUX
JikKapCcbKHX 3aC00iB € OJJTHUM 3 FOJIOBHUX 3aB/aHb
dbapmaneBTHYHOI rajysi, BpaxoBYHOUU NPUHIMI i1 11i-
JlicHOCTi Ta poJib dpapMakoTepanii B cUcTeMi 0Xopo-
HU 3/10poB’s [2]. [IuTaHHAM PO3pPO6GKU iHHOBAILiN-
HUX JIIKAapChKUX 3ac06iB (He cJ1if n1yTaTH i3 cuHTe-
30M/BUPOOHULITBOM BXKe BiZIOMUX) IPUJIISETHCS JyrKe
MaJIo yBary, B TOMY YMCJIi i B Ipo1eci HaB4YaHHA AK
CTyAeHTIB dapMaleBTHYHUX GaKyJbTETIB, TaK i HA
PiBHI NiCAAAUIIJIOMHOI OCBITH IIPOBI30piB B YKpaiHi.
Tomy xoJticTiYHa KOHLIeN1Iif «g8id idei — do npenapamy»
€ 6a3uCHOIO K AJs PpapMaleBTUYHOI raaysi 3ara-
JIOM, TaK i B HaBYaHHI Mali6yTHix ¢axiBLiB 30kpeMa.

MeToto jaHoi pO6OTH € Bi10OparKeHHSsI CPo6 BIIPO-
Ba/PKeHHS JaHOI KOHLeNLil y HaB4a/JbHUM npolec
cTyAeHTiB-papMalleBTiB /i1 MofiepHi3aliii (i/a6o rap-
MoOHi3arlil i3 3axiJHUMU 3paskamMu ) papMaleBTUUHOI
OCBITH B YKpaiHi.

Ha cborogHi ofHi€lo i3 BAa/IMX IIOCTpaLii HaBe-
JIeHOI BUIlle KOHLeNLii, Ha Hall NOIJIA/, MOXe CJIY>KU-
TH cuigeHadis, icTopist BpoBaKeHHs | BUKOpUCTaH-
HSl SIKOTO BKJItOYa€E: PyHAAMEHTANTbHI J0C/iKEHHS
poJii OKCUJly a30TY; JOCJiP)KeHHS poauHu dpocdo-
JliecTepas; Au3alH BUCOKOAPiHHUX/CeJIEeKTHUBHUX iH-
ri6iTopis; AOK/IiHIUHI Ta KIiHIYHI JOCTiIKEHHS; BITPO-
Ba/keHHd Viagra® s JIiKyBaHHS epeKTUJIbHOI JiuC-
byHKIIi{; BIpoBa/pKeHHSsI TeHEPUKIB Ta aHAJIOTIB; PO-
JIOBXKEHHS JOC/i/PKeHb apTepiaibHOI/1ereHeBoi ri-
nepTteHsii (B ToMmy uucii NO-acorifioBaHuX npoije-
ciB); BpoBaikeHHs1 Revatio® jJis iikyBaHHS Jiere-
HeBOl apTepiaJbHOI rinepTeHsil.

CyuacHi nigxoau Ta MEeTo[0N0riss CTBOPEHHSNA
iHHOBaUiliHMX Nikapcbkux 3acobis

B ocTaHHIi fecATUNITTA cydacHa ¢papMaLeBTHY-
Ha IHAYCTpid Bif4yBa€ HeCTa4yy HOBUX YHIKaJIbHUX
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npenapartiB [3]. OfHa 3 HAWBAXKJIUBIIIUX IPUUUH
3MeHIIEeHHs KiIbKOCTi HoBUX JI3 noB’si3aHa 3 yxe [0-
CATHYTHMU BUCOKHMHU TepaneBTUYHUMU CTaHapTa-
MU. Y TenepiliHii 4ac oCIipKeHHs 30Cepe/KYI0Th-
Cs Ha [OIIYKaxX CepeSHUKIB AJid JIiIKyBaHHA XpOHiy-
HUX JleTeHepaTUBHUX Ta iHIIUX «COLia/IbHO-3HAYy-
[IMX» 3aXBOPIOBAHb, TAKHUX SIK illleMiyHa XxBopo6a cep-
1151, XBopo6a AsbLreiMepa, apTpuTy, pak, CHI/| ta iH.
Bucoki BuMoru /1o epeKTUBHOCTI Ta 6€3Me4YHOCTi
JI3 TakoX CYyTTEBO BIJIMBAIOTh HA 3HWKEHHSA TEMIIIB
CTBOPEHHS OCTaHHiX. TOMy akTya/JbHUM 3aBJJaHHAM
HAyKOBO-/I0CJIiIHULIBKOTO cCeEKTOopa ¢papMaleBTHY-
Hol rasysi ctasia reHepallis/peaJiisalisi NpUHIUIIO-
BO HOBUX MiJXO0/IiB 10 CTBOPEHHS OPUTiHAJBHUX JIi-
KapCbKUX CyOCTaHIiN, 1110 6a3yI0ThCA Ha Cy4yacHil
6ioTexHoJIoTii, reHHiH iHXKeHepii, y1ockoHaIeHii Me-
ToAoJ10Tii papMalleBTUUHOT'O OPraHiYHOTO CUHTE3Y
To1o. EceHllia/IbHUM Y CTBOpPEHHI Gy/ib-sIKOT0 JiiKap-
CbKOT0 3ac00y € pO3yMiHHS 3ra/laHOr0 LUISAXY «8id
MoJ/1eKyaU - do npenapamy» sik 6e31nepepBHOTrO Npo-
1[eCy, 10 Ha Pi3HUX eTamnax 3a/y4a€ BCi ceKTopu dpap-
MaleBTHUYHOI rajlysi: Bii HAyKOBO-OCBITHbOTO 10 BU-
pPOGHHULITBA i TOCTMAaPKETUHTOBUX AOCJi/[XKEHbD.

[Iponec ctBOpeHHs HOBUX JI3 MOXXHA YMOBHO I10-
JUIMTU Ha HacTyMHI ¢pasu: 1) nouyk i KOHCTpyroBaH-
HA crionyk-igepiB (lead-compounds) (6a3oBux crno-
JIYK), oITUMi3allisi Clo/yK-J1iZiepiB (CTBOpeHHS KaH/ -
JlaTiB Ha Jlikapcbku# 3aci6 (drug-candidates); 2) no-
KJIiHIYHI focaimxenHs; 3) kaiHIYHI gocTiaKeHHS;
4) BIpoBa/PKeHHS JIIKapChKOT0 3aC00y B MeIUYHY
MPAKTHUKY; 5) MOCTMAapKeTUHTOBI JocimpkeHHs. [Ipu-
4YOMY peaJiizayid neplux Tpbox eTalmiB B cepeJHbO-
My oxoritoe 10-12 pokiB i 3aTpaTy, 1[0 IEpEBULLY-
I0Th MiJliapZ fos1apiB.

Bypx/IMBUI pO3BUTOK MOJIEKY/ISTPHOI 610J10Ti], KOM-
' r0TepHoOI XiMii, IK i eBoJIIOIisT GOPM Ta METO/IiB Me-
Iu4HoI/dapMalneBTUYHOI XiMil JOKOPiHHO 3MiHUIU
NiIXOAU 10 CTBOPEHHA HOBUX JI3, AIKi, y CBOIO Yepry,
TpaHchopMyBaucs i 6y 06’efHaH] y cucTeMy Ha-
YKOBUX JIOCJIi/P)KeHb — drug design (KOHCTPYIOBaHHSA
JIiKiB) 3 BUKOPHUCTAHHSIM BeJIMKOT0 cieKTpa in silico
(koMI'tOTEPHUX) MeTO/1iB. K/IF0OUOBUM MOMEHTOM YCix
nigxoZiB drug design € cipssMOBaHUN CUHTE3 CIIO-
JIYK-JTiJlepiB, KaHAWIATiB Ha JIiKapChKi 3acO0U Ta Ha-
CTymHa ix onTuMisaris 3 BpaxyBaHHs ycix ADME /Tox
(Absorbsion - a6cop6muis, Distribution - posmogis,
Metabolism - meTa6o.1i3M, Elimination - Buzisen-
Hd, Toxicity - TokcuuHicTb) napameTpiB [4-8]. Pi3-
HOMaAITTH MiJIX0/[iB Y CTBOPEHHI HOBUX JIIKApChKHUX
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Ta6bnuuya 1

OcHoBHi cTparTerii nowyKy iHHoBaUinHuX J13

KoHuenuis OCHOBHUI 3MiCT

MprKnagn ycnilwHOro BUKOPUCTaHHA

ToTanbHWU CKPUHIHT

MOXNMBUX/[OCTYNHNX BapiaHTiB

C/CTeMaTUYHUI CKPUHIHT BeNIMKOro Habopy
CNonykK, AKi AOBINbHO BUGMpPatoTbCA 3 YCix

3'ABNAETbCA B
pe3ynbTaTi oChigKeHb
y ranysi 6ionorii i
MeanumnHn

Ha eTani KNiHIYHUX JOCNIAKEHDb

Mogundikadis i Po3nouaslum 3 BifoMnX akTUBHUX CNONYK, Me
YAOCKOHaNeHHA yepes XiMiuHi TpaHcPopMaLlii MOXKHa ofepKaTu N H\/\ _
monekyn J13 HOBI CMONYKY 3 GiNbLUOI ePEKTUBHICTIO i N/// m/ S NH
6e3neyHicTio, KpaLyoto crnelundiyHicTio i B dopmi, e N=/
AKa € Nerwoo AnA 3aCTOCyBaHHA LinmeTnant
BukopuctaHHA B ocHOBY NoknafeHi KNiHivHi cnocTepexeHHnA Me
iHbopmaLii, AKa no6iyHMX (He ocHOBHMX) edekTiB J13 un cnonyk |/ Me

JloriyHnnm gusanH
Ail04ol peyoBrHN

3axBOpOBaHHA

ba3syeTbca Ha geTanbHOMY 3HaHHI MaTONOriYHOT
AnchyHKLUIT Ha MmoneKynapHoMy piBHi, 0cobnmnBo
NoB’A3aHNX 3 ifeHTMdIKaLliE | CTPYKTYPHUM
[OCNiAXEHHAM HOBUX peLienTopiB Yun

€H3MMIB, «3aJiAHNX» NPV PO3BUTKY NEBHOIO

M o
o
Kantonpun

HS

3aco6iB HA OCHOBI peTPOCNEKTHBHOTO aHAaJi3y y3a-
raJlbHeHO y HaCcTymHik koHuenuii (ta6.. 1) [4, 9].

CboroaHi Ha ¢papMaLEeBTUYHOMY PUHKY JOMi-
HYIOTb JIIKM Ha OCHOBI Tak 3BaHUX MaJINX MOJIEKYJI
(small molecules) i 6inbm Hixk 80% kaHAMATIB Ha
JIiIKapChbKi 3aCO6U Ta CIOJIYKH, 1[0 MPOXOASATH KJIi-
HiYHi focaiIKeHHSs, AKpa3 | € TAKUMH HU3bKOMOJIe-
KYJISIPHUMM ClloJlykaMUd. Bucoka BapTicTb po3po6ok
Ta BUPOOHUIITBA «6i0JIOTYHUX JIIKAPChKUX 3aC06iB»
i Hagas1i 3a/M1Ia€e BiAKPUTHUM NPOCTip AJis PO3BUT-
Ky JI3 Ha ocHOBI JlenieBUX Maux MoJjeky [3]. Tum
He MeHIIle, 1Jis PO3POOKU AOCTYNHUX Ta ePeKTHUB-
HUX IIpenaparTiB Ha CbOrOJHI BUAIIAOTL HACTYIHI
acreKTH: i) pi3ke CKOpOUeHHSI BUTPAT BUPOOHHUIIT-
Ba GioJsioriuHMX Npenaparib; if) CYTTEBE «IOJIMIIEH-
Hsl JIIKiB» TP 3aCTOCYBaHHI KOMIT'IOTEPHUX Ta KOM-
OGiHaTOPHUX METO/iB; iii) MOBepHEHHS JI0 MacCIITab-
HUX JOCJIipKeHb IPUPOAHUX NIPOAYKTIB K JKepeJ
JI13; iv) cTBopeHHs JI3 1IAX0M paljioHa/JbHOTO JU-
3aliHy CTPYKTYypU MOJIEKY/IM Ta 3aCTOCYBaHH4 b6io-
MiMETHUKIB, 1110, MOXKHA CIIO/[iBaTUCh, Oy/ie CyIpOBO-
JDKYBaTUCS «CEePEHAUIHICTIO» (sIBUILle BUIIaZKOBO-
ro 3HaX0/[P)KeHHS1 4OTOCh B/1aJIOT0, 0COOJIHUBO KOJIHU
JIIOZIMHA LIYKAaE 1OCh iHIe) Ta iHTYyiliero JocaiHu-
KiB [9].

Ha mexi mMixk 6ioMiMeTUYHUM MiAXO0A0M Ta pa-
LioHaJIbHUM JM3alHOM JIiKiB € CHHTE3 TaK 3BaHUX

ri6puHUX MOJIEKYJI i3 MOABIMHUM MexaHi3MoM Aii
JIs1 ofleprKaHHSA HOBUX epekTUuBHUX JI3. 3 Takoi ToY-
KM 30py ri6pu/iHa MOJIeKy/a BU3HAYAETHCA SIK CIIO-
JIyKa 3 IBOMa CTPYKTYPHUMH JJOMeHaMH, IKi MalOTh
pi3Hi 6ioJioriuHi epekTH Ta, UMOBIpHO, MOABIWHY aK-
TUBHICTB; I|e 03HAYaE, 1[0 ribpuAHa MOJIeKy/Ia MOXKe
JisITH 9K JiBa pisHuX papmakodopu [10-12].
AHaui3 cTpyKTyp pi3zHOMaHiTHHX JI3 npuBiB Me-
JUYHUX XiMikiB g0 ifeHTUdiKaLil JeIKUX MOJIeKy-
JIipHUX GparMeHTiB, 3 IKUMU BUCOKa 6ioJioriuHa ak-
TUBHICTb MOB’sI3aHa YacTillle, HiK 3 IHIIUMU CTPYK-
Typamu. Taki MoJiekyssipHi pparmeHTH 6yv Ha3Ba-
Hi npuBisleioBaHUMHU CTPYKTypamu (privileged scaf-
fold), marouu Ha yBasi cy6-cTPyKTypH, IKi BoJIOA(-
I0Th aKTUBHICTIO BiJHOCHO JIBOX YU GiJibllle peren-
TOpPiB. 3MICT 1I1bOT0 BU3HAYEHHS NOJIATAE B TOMY, 1110
NpHYBiJIEOBaHi CTPYKTYpPH HaZlal0Th OCHOBY /11 MO-
JIEKYJIH, a 3MiHa CYGCTUTYEHTIB y HUX HAZIA€ CIIEeIH-
divHOCTI 10 KOHKpeTHOTrO penenTtopa [13, 14]. [Ipu-
KJIaZIOM TaKOTO MiAXoAy € 6J10KaTOPU KasblieBUX
KaHavliB, fIKi BMilllyIOTb AUTiAPONipUAMHOBUN dpar-
MEHT, 1[0 HaJIEXKUTh J|0 IPUBiJIeHOBaHUX CTPYKTYP.
Po3po6ka JI3 BkJIto4Ya€e B cebe TaKoK MOKpalleH-
Hs papMaleBTUYHUX | papMaKOKiHETUYHUX BJIACTH-
BOCTEeM aKTUBHOI CIOJIYKH JIJIS1 TOTO, 11106 3p06UTH
J0ro 3py4YHUM JJid KJiHIYHOro 3actocyBaHHA. [Ipu
[IbOMY iHKOJIM He06Xi/IHO BJJaBaTHUCS [0 CTPYKTYp-
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Ligand-based design

Target-based design

De-novo design

Fragment-based design

Structure-based design

Other approaches
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(mpaduuitHud, HTS)
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(mpaduuitHud,
KomMbiHamopHuU)
SAPMAKONOTYHNN g
CKPUHIHI

Cnonyka-xit %

=

KAHOWOAT

CnonyKa-nip,ep—’ B N3

Puvic. Baaemo3B’a30k cyyacHUX NiAXOAIB Y KOHCTPYIOBaHHI Nikapcbkux 3acobiB.

Hoi Moauikallii i HaBiTb CHHTE3y HOBUX CTPYKTYP.
B npoMy BUNaIKy BUKOPUCTOBYIOTb HACTYIIHI MOX-
JIUBI MigX0oU:

- CTBOpEeHHH 6ioi3ocmepHux cnoAayk (6ioizoctep -
xiMiyHa rpyIa, 34aTHa 3aMiHUTHU iHIIY XiMi4HY rpy-
Iy, He CYTTEBO 3MiHUBILUU IPU LbOMY TPUBUMIpPHY
MOJIEKYJIIPHY CTPYKTYPY i TUM caMuM diziosioriu-
HY aKTUBHICTB);

- CTBOpPeHHs npovikie (pro-drugs) - cnoJyk, siki
He MPOSIBJISIOTh BUpa3Hoi ¢izioioriyHoi akTUBHOCT],
aJjie 3/laTHI epeTBOPIOBATUCA HA aKTHUBHI CIIOJYyKH
HISIXoM PpepMeHTaTUBHOI peakiil a6o xiMivHUM (6e3
y4JacTi 6iIKOBOTO KaTasizaTopa) uuisxoM. [Ipuksia-
JIOM MOXKe CJIY>KHUTH a3aTioNpUM, AKUH € NPOJIIKOM
6-MepKanTonypuny [15, 16], eHananpu Touio;

- CTBOpEeHHS M sAKuUX Jikie (soft drugs) - crosyk,
dapmaxosoriyHUM ePeKT IKUX JIOKAI30BaHUN Y BU-
3HaueHoMy Micui. Lleli npuiiom 6yB BUKOPUCTAaHUHN
[IPU CTBOPEHHI NIPOTUIJIAYKOMHUX JIIKApCbKUX 3a-
co6iB [17];

- 6ipapmakodopHuUi miAXiz, 10 MOIATAE Y CTBO-
peHHi nodeoeHux sikie (twin drugs) - ¢isiosorivHo
aKTHBHUX CIOJYK, MOJIEKYyJa AKUX MICTUTB [iBi KO-
BaJIEHTHO 3'¢iHaHi papmakodopHi rpynu [18]. Kia-
CUYHHM NIPUKJIAZ0M TAKOTO MiAX0Ly € CUMeTPUYHA
6iHapHa MoJsiekysa BDHP, akTuBHicTb siKoi mpu6J/In3-
Ho B 10 pasiB 6i/b111a, Hi’>k aKTUBHICTb il MOHOCKJIa-
JIOBOI — HITpeHAUIiHY (aHTaroHicTa KaJbIi€EBUX Ka-
HauiB). KpiM Toro, mofBo€HI JIiKM MOXKYTb MiCTUTH
HeiJleHTU4HI MoJIeKy/IspHi pparMeHTH. Tak, MOXKJIU-
Ba o6Yy/10Ba CKJIAJHUX GiHapHuUx cmpykmyp (double
drug), siKi BMiLIyOTb JleKijibka GYHKLiOHA/JbHO 3Ha-
YyLIMX YaCTUH MoJieKyd (papMakoPOpHUX yrpymny-
BaHb) 3 pi3HUMU 6i0JIOTIYHUMH MexXaHi3MaMH BILJIU-
BY. 3BaKal04yM Ha CHiJIbHI pUCH 3a3HAaYeHUX MiAXo-
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JiB Ta HEOJHO3HAYHICTb Y TPaKTyBaHHI, BCi HaBe-
JleHi TPy 06’'€AHYI0Th TepMiHOM co-drug [15];

- ceseKMuUBHA onmumizayiss nobivHuUXx echexkmis
BiJIOMUX 3aC00iB — cTpaTeris bOro MiJXoAy 6a3yeThb-
cs1 Ha $aKTi, 110 BCi JIiKM BIVIMBAIOTh HAa BEJIUKY KiJlb-
KicTb pelienTopiB/depMeHTIB (BiloMux i HEBiJOMUX)
(T. 3. mostipapmakosiorivHui migxizg). Ha neBHi penen-
Topu/PpepMeHTH JIiKapChKi 3aC0O6U MOXKYTh BIJIMBaA-
TH CUJIbHO, @ Ha iHLIi — c/1abKo 4M B3araJi He BILJIMBa-
Tu. CeJleKTUBHA ONTHUMI3allis M06iYHOI aKTUBHOCTI
nepeabadae MoaudiKalio CTPYKTYpPHU aKTUBHOI pe-
YOBHHHM 3 METOIO MOCKJIEHHS edeKTy Ha Ti pelenTo-
pu/depMeHTH, Ha SAKi BOHa /[lislJla CJ1abKO, Ta 3MEH-
IIeHHsI 260 YCyHeHHs nornepeaHbol OCHOBHOI Ail [9].

Jlo 3apo/i»keHHs Cy4acHOI CHHTETUYHOI OpraHiy-
HoI xiMil MeTol0 JOC/iAHUKIB Ha nepiuiil cTafii 6y1o
CTBOPEHHS OKPEMHUX PEYOBHUH MaKCUMaJbHO MOX-
JINBOI YUCTOTH. baraTo HOBUX OpraHiYHUX MOJIEKYJI
y TaKUH CIoci6 po3risijlasucs sIK MonepeaHuKH Ji-
KiB /1711 BUBUYEeHHS 6iosioriuHOI aKTUBHOCTI. 3po3y-
MiJIO, 1[0 TaKUU Mpoliec 6YB JOBTOTPUBAJIUM Y 4Yaci
i BUMaraB BeJIMKKX KOWITiB. OCTaHHIM 4acoM BIIPO-
Ba/IP)KEHO PsJ, HOBITHIX TEXHOJIOTIH, sIKi paJIuKaJbHO
3MIHWJIM TOYATKOBUM eTall CTBOPEHHA JiKapCbKUX
3aco6iB. Cepet HUX: KOMOIHamMopHa ximisi (combina-
torial chemistry); momasvHuii ucokoegpexkmugHutl
ckpuHine (high throughput screening - HTS) [19];
sipmyasvHull ckpuHiHe (Virtual Screening) [20]; mo-
sexyasipHe modearoearHs (Molecular Modelling); as-
momamusayis npoyecie cuHmesy, 04HucCmku ma cKpu-
HiH2y (Automation) (pucyHok). Ha3BaHi cyvacHi niz-
XOJ1 BUKOPUCTOBYIOTBCS Ha BCiX piBHAX NpoLecy
KOHCTPYIOBaHHS JlikapcbKUX 3aco6iB (drug design).

IloGydoea 6Gi6iomek cnoayk. [lpouec cTBOpeH-
Hsl 6i6J1i0TeK PEYOBHH Y L[IJIOMy MOXKe PO3TJIsJaTH-
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¢4 fIK iTepaliiiHa mpoleaypa, Koy ofHa 6i6aioTeka
CTa€ OCHOBOIO [JI1 CTBOPEHHA HOBOI, i CKJIaZIa€ThCs
3 HACTYIHUX eTaliB:

- IJIaHyBaHHA 6i6J1i0TEKY;

- Bizbip cTpykTypHux 6J0kiB (building blocks);

- XiMiuHa anpo6allis CHHTe3y;

- CUHTe3 6i6JIi0TEeKH;

- 6i0JIOTIYHUIN CKPUHIHT;

- ifeHTUdiKalis aKTUBHUX CIIOJYK;

- JIoBe/IeHHS1 aKTUBHOCTI;

- iHTepIipeTalis pe3yJbTaTiB.

[Ipu nianyBaHHi 6i6/1i0TEKY, B IEPLITY YepTy, BU-
3HAQYalOTh LJIb IPOBeJleHHA CKpUHiHTy. [liaxia Ha oc-
HOBI niz6opy siravAy Ao MilleHi, 6yZ0Ba sKoi HeBi-
JlOMa, 1 HeMa€ BiIOMOCTEeN PO CTPYKTYPY CIOJVK,
3/JaTHUX 3 HEIO 3B’SI3yBATUCS, HA3UBAETbHCS «CKPH-
HIHT HaBMaHHs» - random screening. Takuil ckpu-
HIiHT nepej6avya€e nepeBipKy akTUBHOCTI BEJIMKOI
Pi3BHOMAaHITHOCTI CTPYKTYp, B pe3yJibTaTi uoro oyze
OTpUMaHa Besin4ye3Ha 6i6/1ioTeka abo CyKyIHICTb Jie-
KiJIbKOX APiOHIIINX, TOOTO CKPUHIHT 3Be1eThCs [0
BUSIBJIEHHSI aKTUBHOCTi B «0OKeaHi HEaKTUBHOCTI».
Ha npoTtuBary ubomy 1iiboBi (directed or focused)
6i6/1i0TEKH MICTATH CIOPiZHEHI CTPYKTYPH, 1110, SIK
IPaBUJIO, BIAPI3HAKTHCA TIJIbKU 3aMiCHUKaMU i Ma-
I0Th 3HAaYHO MEHILIWH po3Mip NOPIBHAHO 3 MacHBa-
Mu aJis broad a6o random screening. [Ipu 1iboMy Bci
CKJIaJl0Bi 6i6J1i0TEKH, K NPaBUJIO0, BOJOAIIOTH aK-
THUBHICTIO, i BUGIp 3BOAUTHCH 10 ileHTUdiKaIil crio-
JIYK 3 HAWBUI[010 adiHHICTIO /10 6ioMaKpOMOJIEKY-
Jii. Coco6u KOHCTPYlOBaHHSA 6i6/ioTeK UX JBOX
THIIIB BiZ|Pi3HANTHCS KIJIBKICTIO BAKOPUCTOBYBaHUX
CTPYKTYPHUX GJIOKIB, p03MipoM HOCIIB, cCTpaTerieto
JekonyBaHHs. CJliJi 3BepHYTH yBary Ha Te, [0 JaHi
XapaKTEePUCTUKHU CTOCYIOTHCH K peaslbHUX, TaK i Bip-
TyaJIbHUX 6i6J1i0TEK CIOJYK, B OCTAHHBOMY BUIIA/I-
Ky CUHTeTHYHa YaCTHHA YIYCKAEThCS, a BCl eKcre-
pUMeHTaJIbHI IoCTiKeHHs 3aMiHeHo Ha in silico imi-
Talil Ta IPOrHO3yBaHHA.

Kom6GinamopHa ximisi. CbOTo/iHi TEpMiH «KOM-
6iHaTOpHa XiMis» [21] 3acTOCOBYETBCS 10 cTpaTerii
CHHTEe3y BEJIMKUX MaCUBIB OPraHiYHUX CIIOJIYK i BU-
3HAYAEThCA K CYKYIHICTh BUCOKOTEXHOJIOTTYHUX Me-
TO/iB, 1[0 I03BOJISIIOTh OTPUMATH 32 KOPOTKUH Tep-
MiH 4acy BiJ, eKiJIbKOX COTeHb [0 AeCATKIB TUCAY
pedoBHH. 3rijHO 3 HOMeHKkJaTypoto [OITAK kom6i-
HaTOpPHA XiMisi BUKOPHUCTOBYE KOMGIHATOPHUM NPO-
1ec /151 IPUTOTYBaHHA Habopy CHoJyK 3 psAAiB buil-
ding blocks, siki Takox MO>XKHa BBaXKaTU MPUKJIAJA-
MU KOMOGiHaTOpPHUX 6i6J1i0TeK, 3araZjaHux Buile. Kom-
6iHATOPHUI CUHTE3 - I1e CUHTE3 BEJIUKUX PSAJiB CIIO-
JIYK Y MIKPOKIJIBKOCTAX [IJ1 TIOJa/IbLIOTO, IK TPaBU-
JIO, BUCOKOePEeKTUBHOTO CKpHHiHTY. KoMbGiHaTOpHI
6i6JIi0OTeKH MOXKYTb OYTH MacHBaMHM iHAMBITyaib-
HUX PEYOBHH i/abo cymiliel, ix 3py4HO ONKUCYyBaTH
3a I0IIOMOTr010 3arajbHoi GpopMyJiy, ska oTpuMaJsa
HasBy scaffold. Scaffold - 1je 6a30Ba cTpyKTypa, B pi3-

HUX II0JIOKEHHA AKOI Bapil0I0ThCA 3aMiCHUKH, TaK
3BaHi TOYKHU paHAoMizauil. Hampukaag, scaffold, B
sikoMy TpH pi3Hi 3amicHuku (R-R3mo 10 BapiaHTiB
KoKeH) onucye 6i6JioTeky 3 1000 crosnyk. CuHTeE-
TUYHI MiIX0AM KOMOGIHATOPHOI XiMil K/1acUiKyIOTh-
cs1 Ha J1Bi KaTeropii: napajiesibHUM cuHTe3 (parallel
synthesis); cuHTe3 3a MeTOZOM «0i/1U ma 3MIiWyi»
(portioning-mixing a6o «split & mix» method). OctaHn-
Hill 6a3yeThbcs Ha npoueaypi Meppidinga. Cunrtes
BUKOHYETbCS IIIJIIXOM OBTOPEHHS TPbOX NPOCTUX
omnepanin: MoAiJ TBepAOro HoCiAg Ha piBHI mopuii =
B3a€EMOJIiA KOXKHOI nopuii iHgUBiAyanbHO 3 BiAmo-
BilJHUIMH MOHOMepaMHu (HaIllp., aMiHOKUCI0TaMu) =
roMoreHHe 3MilllyBaHHS NMOPIid. [lapaseabHull CuH-
me3 CpsIMOBAaHUM Ha ofiep:KaHHS IHAUBIAyaJIbHUX
pedoBHH. [Ipy 1bOMY AU CIIOJNYK TOTYIOThCS Of-
HOYAaCHO B MacuBax Qi3NYHO BiIOKPEMJIEHUX peakK-
iHHUX MOCYIMH Y4 MiKpOBiA/i/IeHb 6€3 B3a€EMO3Mi-
HY NIPOTATOM B3aEMO/ il peareHTiB. Yci oneparii, B
T. Y. YCYHEHHS 3aXUCHUX TPy, CIOJyYeHHS, IPOMU-
BaHHS | HAaBITb pO3KJIaJIeHHS, IPOBOAATHCS, SIK Mpa-
BUWJIO, HAa TBepAOMY Hocii [21-23].

BucokoedhekmueHuii hapmako.102iuHull cKpu-
HiHe. [ls1s1 Toro, 1106 AOCTIANTH BeJIMUE3HY KiJIbKICTh
3paskiB, Ky 3/laTHa reHepyBaTH KOMbGiHaTOpHa Xi-
Misl 32 MOPIBHAHO KOPOTKHUM 4ac, MOTpi6HI aBTOMa-
THUYHI METO/H IBUAKOTO 6i0/IOTIYHOTO CKPUHIHTY.
TakuM MeT0Z0M € BUCOKOe(pEeKTUBHHUN CKPUHIHT CIO-
JyK [24]. lle#t aHasi3 BK/IIOYAE, IK MPABUJIO, «IIPO-
O61» Ha pepMEeHTHY aKTUBHICTb, /Iit0 Ha KJIITHHHI pe-
1enTopu (iMyHopyopUCLIeHTHUH Ta palioiMyHHUI
MeTO/]) 3 BUKOPUCTAHHAM HaZiMaJIuX KIJIbKOCTe cyo-
cTaHIii (mikomoui). BukopuctaHHs po60TH30BaHOI
TEXHIKH, 1110 KOHTPOJIETHCA BiAOBIJHUM IIpOrpam-
HUM 3a0€e3Me4yeHHsIM, Yy T/IMBI JIETEKTOPU Ta KOMIT 10-
Tepr30BaHa 06PO6KaA JAaHUX J[03BOJISIOTH AOCIiIHU-
Ky IWBHUJKO IPOBOJUTH MiJIbHOHHU XIMIYHUX, reHe-
TUYHUX | papMakooriuHux TecTiB. Pe3ysbTaT nux
eKCIIEPHUMEHTIB [J03BOJISIOTh CTBOPEHHS He TibKH
6a3u aKTHBHUX CIOJYK AJisl pO3PO6OKH JiKiB, ane U
oTpuMaHHS iHopMallii A po3yMiHHSA B3aeMOZil
a60 poJii KOHKpeTHOro 6ioxiMiuHOrO0 npoiecy B 6io-
JIOT1I.

3BaXKalouM Ha BUleCKa3aHe, KJII04Y0BUM MOMEH-
TOM B drug design € BUKOpHUCTAHHS KOMIT' IOTEPHUX
TEXHOJIOTiH Ta yHidikallis MeTo/[iB mpe/icTaB/IeHHs /06-
PO6KU XiMIUHOI CTPYKTYPH PEYOBUH, 110 peasti3yeTbCsa
LIJISIXOM BUKOPUCTAaHHS crieliuiyHUX XiMiYHUX NTPO-
rpaMHux naketiB (HanpukJag, ChemOffice Ultra 2005
v.9.0 (http://www.cambridgesoft.com, CambridgeSoft,
Commercial; ChemWindow 5.1 (FreeWare)/6.0 (Com-
mercial) (www.softshell.com / www.bio-rad.com Ta
iH.). [cHy1OTB pi3Hi TUNIK PalsIiB A5 Ipe/iCTaBJIEH-
H4 XiMiYHOI CTPYKTypHU Ta po6OTH 3i cienudpiyHo0
ximiyHoto iHpopmariietro (.cml - CML (Chemical Markup
Language), .sdf - SDF (Structural Data format), .pdb -
PDB (Protein Data Bank), .skc - IsisDraw file, .smiles,
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.smi - SMILES (Simplified Molecular Input Line Entry
Specifications), mol - MDL Molfile,.hin - HyperChem
HIN file To10), iKi BUKOPUCTOBYIOThCS A5 peasi-
3auii pisHUX 3aB/laHb y PisHUX cPepax, TaKUX K 06-
po6Ka Ta nobymoBa 6a3u JaHUX XiMiYHUX CTPYKTYP,
Nporpamu Bi3yaJiizalii, MOZeJIlOBaHHSA Y1 MOJIEKY-
JIIPHOTO JOKiHTY [25].

BipmyaavHuil cKpuHiHe. BipTyaJbHU CKPUHIHT -
e BiZi0ip Ta BificiloBaHHS pEUYOBHH Y MeXax BipTy-
aJIbHUX 6i6J1i0TEK 3 BUKOPUCTAHHSM Pi3HUX JECKPUII-
TOpiB, GINBTPIB, TEOPiH, aITOPUTMIB TOIIIO i, IK TTpa-
BWJIO, BiITIOBiIHOT'O MpOrpaMHOro 3a6e3neYeHHs JJis
3HaXO0/>KeHHS MOTEeHLiMHUX 610/I0TIYHO aKTUBHUX
CIIOJIYK cepeJ; BipTyasibHO MOXJIUBUX. KpiM ToroO, iH-
MM MOXXJIMBMM BUKOPUCTAHHSAM BipTyaJIbHOT'O CKpH-
HiHT'Y € IPOTHO3yBaHHs 6i0J10TiYHOI aKTHBHOCTI Bip-
TyaJIbHUX CNIOJNYK. [lepes moyaTKOM CKpPUHIHTY, K
paBUJIO, HEOOXiHO iIeHTHdiKyBaTH MillleHb (MeTY),
Ha sIKy Ma€ OyTHU CKepoBaHa /jii MakbyTHbOTO JIi-
KapcbKoro 3aco0y. Llel npuHI UM JIEXKUTH B OCHOBI
T. 3. MillleHb-OpieHTOBaHOTO (target-based design)
BipTyasibHOT'0 CKpUHIHTY [26]. Kosiu MileHb € o6pa-
HOI0, HAaNIPUKJIa/[], IEBHUU pelenTop/eH3uM, CTBO-
PIHOETHCA BipTyasbHa 6i6J1ioTeka 3 BEJIMKOIO Kijb-
KIiCTI0 pi3sHOMaHITHUX cnioJiyK. [licsig niboro, Bi1acHe,
i ctapTye BipTyaJbHUN CKPUHIHT. OCHOBHUMHU Mi-
HIeHSIMHU /U151 ICHYIOUMX JiIKapChbKUX 3ac06iB € KJii-
THUHHI Ta epHi peLenTopHy, pepMeHTH, TOPMOHHU
Ta KJITHHHI/TKaHWHHI (aKTopu, i0HHI KaHaJIH,
JHK [27, 28].

MeTo/0J10TiSl BipTyaJIbHOTO CKPUHIHTY BKJIIOYAE
pAJ eTaliB BiZCIBY CIOJIYK 3a pi3HUMU KpUTEPISAMU.
OueBU/HO, 1110 BU/IiJIEHHS €TalliB BipTYBaJIbHOTO CKPU-
HIHT'y € YMOBHUM i BKJIIOYA€E pi3Hi BapiaHTH X KOMOi-
Hal il Ta 4eproBocTi. Po3ryisiHeMo cripoleHuH npu-
KJIaJ, eTalliB NpoLeAypHy BipTyaJlbHOI'O CKPUHIHTY.

1. REOS (Rapid Elimination Of Swill) - ue noyar-
KOBHUHM KPOK KOMIT'FOTEPHOTO BiZi60pY, AKUU BKJIIO-
4ae BiZICiB a6CO/IFOTHO HEMPUAATHUX PEYOBUH. 3a J10-
NIOMOTOIO0 I[IbOI'0 METOAY BiAKUAIOTHCS CIOIYKH, 1110
He MOXKYTb iCHyBaTH Gi3U4HO, MiCTSTb TOKCUKODO-
py, XiMiYHO Ta papMaKoJIOTIYHO HECYMICHI yrpyIy-
BaHHS i He MalOTh B CBOIH CTPYKTYPi *koaHOTr0 pap-
Makodopy a6o 6i0/10riYHO aKTUBHOTO pparMeHTy.
Takuii BapiaHT BiI6OPY € aKTyaJlbHUM TiJIbKU JJi
T. 3. 3ara/ibHUX (He3(dOKycoBaHUX) 6ibioTEK (JUB.
Buile). Ci1iji BijBHAYUTH, 110 /151 JOCATHEHHS Kap/iu-
HaJIbHOTO 3MeHIleHHs 06’eMy 6i6J1ioTeKH Mpu BiJl-
60opi REOS BUKOPUCTOBYIOTH KiJIbKa MPUIYILEHb, SIKi
JlO03BOJIAIOTh 3HAYHO CKOPOTUTH I0Jie nomyky. Ha-
NPHUKJIaJ, TPHU HEOOXiAHOCTI cTBOpeHHs cHOKyCOBa-
HOI Jlikonozii6HOI 6i6.1ioTeku (drug-like library), BHe-
CEeHHsI PeYOBUH Y 6i6J1i0TEKy MOTPiOGHO MPOBOAUTH
Ha OCHOBI aHautorii 3 cydacHuMu JI3, papMakodop-
HoMo Teopi€ero Toulo [28, 29]. OckizibKy NpoCTip mo-
HIYKY € /Iy?Ke BEJIUKUM, IOTPiIOHO YHUKHYTH NAaCTKU
NOBHOTO NepeJiiuyBaHHS BipTyaJibHOI 623U JaHUX.
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1 BUXOAY 3 Ha3BaHOI CUTyaLil BAKOPUCTOBYIOTh
MOHSATTS CIIOJIYKH-JIiiepa (AUB. HUXKYeE) i BiiIOBiAHO
Jl0 11 CTPYKTYpH NPOBOAATH BiAbip. AKIo x cTpyK-
Typa pe4OBUHHU-JIlepa HEBiOMA, TOZi IPOBOAATH
dapMaKoJIOTiYHUN CKPUHIHT BUIIaZKOBOI BUGIpKHU
pevyoBHUH 3 6a3y, HalHO6i/IbII aKTUBHI COJYKH NPHU-
HMaloTh SIK CIOJYKHU-JilepUu Ta NPOBOAATH Bigbip
BITHOCHO IX CTPYKTYPH.

2. Oyinka hodibHocmi cmpykmypu. HacTymHUM Kpo-
KOM BipTyaJIbHOT'O CKPUHIHTY MO>Ke Oy TH OIliHKa 10-
Jli6HOCTi cTpyKTYypH (Hanpukaaj, 2D noai6HocTi) A0
icHyro4YMX JIiKiB 260 610/I0TIYHO aKTUBHUX PEUYOBHUH.
[Ipu onpantoBaHHi 2D-CTpyKTYpH OLIHIOETHCA Ha-
sABHICTb papMakodopiB 3rigHO 3 papMakodOpHOIO
Teopier. /Iy mpoBeieHHd [1bOT0 NPOoLecy BUKOPHU-
CTOBYIOTBCS ClleljiaibHi KoMIT'toTepHi nporpamu. Tak,
CONJURE (Vertex Pharmaceuticals) 31aTHa 06po6u-
T A0 100000 peyoBUH 3a TOAWHY Ha OJHIN pobo-
yiil ctanuii. Kpim niboro, npu 2D-ckpUHIHTY Bif0y-
BAaETbCA NepeBipka Ha 2D-noAiGHICTD, PU AKiH cro-
JIyKH 6i6J1i0TEKH, 1[0 NPOUILJIU ToNepeJHil BiACiB,
MOPIiBHIOIOTHCA i3 CTPYKTYPOIO CIIOTYKU-JiJiepa (K0
BOHa 6yJia monepeIHbO BCTaHOBJIeHa). BapTo 3a3Ha-
yuTH, 10 REOS i 2D-cKpUHIHT € TPaKTUYHO He3a/1eX-
HUMH OJIHe BiJj 0JHOTO, TOMY BOHH MOXXYTb IIPOBO-
JUTHUCA SK B 3a3HaueHoMy nopsaky (REOS - 2D), Tak
i HaBMakKu. JII0CTpaTUBHUM MPHUKJIAZIOM MOXeE CITYKU-
TH pociiicbka po3po6ka - PASS C&T (Prof. V. Poroikov
http://www.pharmaexpert.ru/passonline/) [30].

3. Oyinka 3D koHopmayiii. MoaekyasapHuii do-
KiHe. Ha iIboMy eTani BipTya/IbHOI'O CKPUHIHTY CTBO-
pIOI0ThCA 06'€MHI KOH$OpMallii peyoBUH (BJIacCHE MO-
JIeKyJIsIpHe MOZeJIF0BaHHs ) /151 IOPiBHAHHSA 31 CTPYK-
TYPOIO pelenTopiB, Ha AKi IOBUHEH BIJIMBaTH JI3.
CroyaTKy MO/IeJII0EThCS TPUBUMIipHA CTPYKTYpa pe-
Lle[ITOpa, NOTIM — TPUBUMIpPHA CTPYKTypa Pe4OBUH
6a3y, nicssg yoro npoBoAsATh 3D-ckpuHiHT (opiB-
HSHHSA CTPYKTYP). OCO6/IMBICTIO HA3BAHOIO €TAMY €
Te, L0 KiJIbKICTTh KaHAUZATIB HE 3MEHIIYEThCH, a
306iJIbLIYETHCA BHACAIZ0K MOJe/II0BaHHS MOXKJIUBUX
eHaHTio- Ta KoHopMepiB. TakoXx Ha I[bOMY eTalli
BUKOPUCTOBYIOTb MOHSTTS NOAIOGHOCTI Ta pisHOMa-
HiTHOCTI (similarity and diversity), To6To, npakTHu-
HO ifleHTU4Hi 3a 3D-cTpPyKTypo10 cronyku (BifAMiH-
HUH JIM1Ie O MH 3aMiCHUK ab0 pe4yOBHHa, SK JIiraH[J,
B 00‘EMHOMY BiZiHOIlIEHH]I eKBiBasieHTHA iHIIKUM CIO-
JlykaM) Bificito0ThCs 3 BipTyasibHOI 6i61i0TeKu npu
HaJTo BesiukoMy ii 06‘eMmi (T. 3. pooling). lntoctpa-
THUBHUM ITiJIX0ZI0M LIbOT0 TAIY € MO/1EKYASIPHULl 0O~
KIH2 — pO3paxyHKOBa Mpoueypa CyMillleHHA TPUBHU-
MipHOI CTPYKTYpPH [JOCIiAKyBaHOI CIIOYKH /CHIOJYK
3 aKTUBHUM LIeHTPOM MillleHi Ji/11 BCTAHOBJIEHHA
CTiIMKOCTi KOMIJIEKCY JliraH/I-MillleHb, a OTXKe PO3-
paxyHKy 3HaueHHs1 adiHHOCTI jliranay. JokiHr Moxe
NPOBOAUTUCH NPU HasiIBHOCTI iHPpopMallii Tpo CTPyK-
TYpy pelLenTopa-MilleHi, a Tako} 10ro akTUBHO-
ro 1eHtpy [31] (Tab.s. 2). Ak JpKepesa JaHUX 111010
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Tabnuuya 2

MporpamHe 3abe3neyeHHA AnNA MONEKYNIAPHOIO JOKIHTY

Mporpamke 3acTocyBaHHA WwWW
3abe3neyeHHs
DOCK® MpoTein-niraHg JOKIHT, NPOTEIH-NPOTETH AOKIHT, NPOTeiH- http://dock.compbio.ucsf.edu/
HyKneiHOBa KMCnoTa JOKiHT, structure-based gusaiH [33]
AutoDock’ MpoTeiH-niraHg AOKiHT, An3aiiH KoMbiHaTOpHOI 6ibnioTekn, | http://www.scripps.edu/mb/olson/doc/
structure-based gn3ainH autodock
FlexX" MpoTein-niraHg fOKiHT, structure-based ansaiH http://www.biosolveit.de/FlexX/
http://www.tripos.com
GOLD’ Mportein-nirang, OHK(PHK)-niraHg, structure-based amnzanH | http://www.ccdc.cam.ac.uk/products/
life_sciences/gold/
Glide’ MpoTeiH-niraHAa QOKIHT, BipTYanbHUIA CKPUHIHT, http://www.philscience.com/
NporHo3yBaHHA BUAY 3B'A3yBaHHA, structure-based ansanH | schrodinger/Glide.htm
FRED" MpoTeiH-niraHA AOKIHT, MPOrHo3yBaHHA BMAY 3B'A3yBaHHA | http://www.eyesopen.com/products/
applications/fred.html
Icwm’ MpoTeiH-niraHa AOKIHT, NPOTeiH-NPOTEIH AOKIHT, structure- | http://www.molsoft.com/docking.html
based gu3anH

CTPYKTYpPHU OCTAaHHIX HaW4yacCTille BUKOPUCTOBYETh-
cs Protein Data Bank (http://www.rcsb.org).
3arajbHa MeTO/0JI0Tif NPOBeJleHHA CKPUHIHTY
3 BUKOPHUCTAHHAM JOKIHTOBUX JOCJI/KEeHb, K Ipa-
BUWJIO, BKJIIOYAE: 1) Mi/IFOTOBKY 6a3u CHOJYK (BUOIp
6i6srioTekH, MpoToHyBaHHS (iMiTalis giziosoriuno-
ro pH), kouBepTyBaHHs B 3D); ii) BUGIp CTPYKTYpH
MileHi (kpucrtasorpadiyda Mmojienb, SIMP a6o romo-
JioTiuHa MoAeb); iii) «pinbTpyBaHHSA» 6i6i0TEKU
(Hanpuksaf, npaBusa JliniHcbkoro, papmakodopHi
Mo/ieJi Tol0); iVv) BU3HAUYEHHS Micllisl 3B’13yBaHHS
(Miciie 3B’s13yBaHHs JliraHAy 3 KaTaJiTUYHUM I[eH-
TPOM, Miclisl 6i/I0K-6iJIKOBUX B3aEMO/IiH); V) IOKIHT
JJ1s mepeibadeHHs KoHpopMalii Ta opieHTanii Jji-
raHjyy B Micui 3B’s13yBaHHs; Vi) CKOPUHT, JIJ1S1 OLiHKH
eHepril B3aeMo/Iil Mi>k MillleHH!O i JiiraH0M; Vii) po-
BeJIeHHS JOCTiPKeHHsI 610/I0TiYHOT aKTUBHOCTI CIT0-
JIYK-JIiiepiB; Viii) Kopesslisi CKOpDUHTOBUX Ta eKC-
NepUMEHTA/bHUX JIAHUX; IX) KII0YOBA ONMTHMi3allisl.
4. Pospaxynkoea cmadisi. Ha nubomy eTani BipTy-
aJIbHOTO CKPUHIHTY 064U C/II0I0ThCA Pi3uKo-xiMiyHi
BJIACTUBOCTI peYOBHUH, XiMIYHA aKTUBHICTb, TOKCHY-
HICTb, OLIiHIOIOThCSI TPOTHO30BaHi 3HaYeHHs papMa-
KOKiIHeTUYHHUX NapaMeTpiB. [licsisi nporuo3yBaHHs
Bi/ICiIOIOTb peYOBHHHU 3 HE3a40BIJIbHUMU 3HAYEH-
HsIMU Ha3BaHUX NapaMeTpiB. BpaxoBywoun HeE0O6Xij-
HICTb IPOrHO3YBaHHA TOKCUYHOCTI CIIOJIYK HA pPaH-
HiX cTafisx po3po6ku JI3, po3po6JieHo psij METO/IIB
OILiIHKH LIbOT0 BaXXJINBOT0 MapaMeTpa. Tak, psaj eKc-
NepPTHUX CUCTEM IPAIIOE HA OCHOBI B3aEMO3B SI3KY
CTPYKTYpa — aKTHUBHICTb/TOKCUYHICTb. 30KpeMa, AJis1
CTBOpPEHHS MoJeJiell cTpykTypa-LD., BUKOpUCTOBY-
toTb nakeTu DEREK, OncoLogic. [H11i cuctemu no6y-
JloBaHi Ha 6a3i MaTeMaTUYHUX i CTATUCTUYHUX (Me-
ToJ QSAR B nporpamax TOPKAT, dbToxPre) a6o in-
aykTuBHUX (porpama MultiCASE/CASE) mopenei.
Crpareris BipTyaJIbHOTO CKpUHIHTY Ha pO3paxyHKO-

BOMY eTari yacto BUKopuctoBye QSAR ananiz (Quan-
titative Structure-Activity Relationships - kisibkicHu#
B32€EMO3B'SI30K MiXK CTPYKTYPOIO Ta aKTHUBHICTIO) -
BUSIBJIEHHSI 3JIEKHOCTI Mi>Xk $apMaKoJIOTiYHO0 €0
CrosyK i ix ¢pi3sMKO-XiMiYHUMHU BJIACTUBOCTSIMU B II€B-
Hi¥i rpy1i pe4oBUH i onuc ii piBHssHHAM [33, 34]. QSAR
MEeTOZ0JI0Tifl XapaKTepU3yEThCA LIMPOKUM BIIPOBa-
JPKeHHSIM MaTeMaTU4YHUX MeTO/IB /Il BCTAaHOBJIEH-
Hsl CITIBBiAHOLLIEHHS Mi>K 3a/laHUM BUJOM aKTHUBHO-
CTi OpraHiYHUX CHOJYK i IX CTPYKTYpPOIO Y BUIVIALI
A =[5 (A - aKTUBHICTB, S — CTPYKTypa Npe/cTaBJie-
Ha 3HAYeHHAMH MOJIEKYJIAPHUX JeCKPUIITOPIB, 4YU-
CeJIbHUX XapaKTePHUCTHUK, Kl BUPQXKAIOTh CTPYKTYP-
Hi BJIACTUBOCTI MOJIEKYJIN). Y 3B’SI3KY 3 [[UM T'0JIOB-
Ha npo6siema QSAR nosisirae y BU60pi (6axkaHo MiHi-
MaJIbHOT0) Habopy JIeCKPUIITOPIB, JOCTATHBOTO AJIs
OMUCy 3aAaHoi BaacTUBOCTi. OAHUM i3 [Ixepes ae-
CKPUIITOPIB € METOAM KBAaHTOBOI XiMii, 1110 103BO-
JIATb IPOBOJAUTU PO3PAXyHKH eJIEKTPOHHOI CTPYK-
TYpHU i reoMeTpii HaUpi3HOMaHITHIIMX XIMIYHUX CU-
CTeM ax /10 MOoJleJII0BaHHA edeKTiB cepeZ0BULIA i
B3aEMO/ii MOJIEKYJ/IM 3 pelelITOPOM. 3 L€ METOI0,
OJIHOYACHO 3 106pe BiJOMUM pezpeciliHUM aHaai30M
3aCTOCOBYIOThCSI METO/IH, OB’si3aHi 3 KJ1acudikallieto
MOJIEKYJI 32 pI3HOMaHITHUMHU KJIaCaMU aKTUBHOCTI.
Oco6sMBe 3HaUeHHS MAaKOTh hakmopHi memodu. Oi-
HUM i3 BapiaHTiB pakTOpHOro aHai3y € MeTO[ ro-
JIOBHUX KOMIIOHEHT — CTaTUCTUIHUH Miaxiz, mo g0-
3BOJISIE TPOAHAJi3yBaTH CTPYKTYPY B3aEMO3B I3KY
eJIeMeHTIB JIeCKPUIITOPHOT O Habopy i, 1110 Jy»xe CyT-
TEBO, 3MEHILIMTH HOTO.

Tepmin «iikononi6HicTb» (drug-like properties)
OCTaHHIM 4acoM CTaB 3BUYHUM IIOHATTAM AJig pap-
Maril i, ik npaBuJio, Bilo6paxkae npocti ¢pizuko-xi-
MiYHi Ta CTPYKTYPHIi BJIaCTUBOCTI (MOJIEKY/SPHI Jie-
CKPUIITOPH ), XapaKTEPHI AJIs YCHILTHUX JiIKapChbKUX
3ac06iB. OfHUMMH 3 HaWBiZOMILIMX JIKONOAiOHUX Xa-
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paKTepUCTUK € npaBua JliniHcbkoro (npaBuJio n's-
TH), sIKi MalOTb HacTynHUMN BUmsaj;: i) LogP<5; if) mo-
JgekyasspHa maca <500; iii) 3gaTHICTb 6yTH aKLen-
TOopoM npoToHy <10; iv) 3JaTHICTE 6YTH JOHOPOM
MpoToHY <5; v) o6epTaHHA 3B’s13KiB <8 [35-37]. [1a-
paMeTpH iii Ta iV BKa3ylTh Ha 3JJaTHICTb CIIOJYKH
yTBOPIOBATH 3B’SI3KW Ha «BiZIMOBiHIN» AisAHLI Gio-
MOJIEKYJ/IH, TapaMeTp V XapaKTePHU3YE «KOPCTKICTb»
CTPYKTYpPHU i BKa3ye Ha 06’eM peyoBUHU. TakuUM 4u-
HOM, Ha3BaHi KpuTepil XapaKTepu3yIOTh 3arajbHi
0CO6JIMBOCTI XIMIYHOI CTPYKTYpHU NMOTeHLiiHOTO JI3,
BPaxoOBYHOYH COpOIIito, po3Mo/ia B opraHismi, MeTa-
6o0J1i3M, esimiHanio. OgHaK, caijg BigMiTUTH, 10 I
npaBuJsa 6y/1d po3po6JieHi Ha OCHOBI epopaibHUX
JI3, BigmoBigHO, KaHAMATH B JTiIKapChbKi 3aC00U /1151
iHIIKX ULIAXiB BBEJeHHS (JOBEHHUH, BHYTPIiIIHBO-
M’SI30BUH, IHTa/ISLiHHUHN Ta iH.) TOTPEeOYIOTh iHINX
KpUTEPIiB oliHKY JikonoAioHoCTi. ToMy BimoMmi iHmTi
npaBuJa JikonoaioHocTi. Hanpukiaz, Bebep Ta iH.
[38] BcTaHOBMIIY, 110 GiNBIIICTD CHIONYK 3 06010
nepopaJibHO0 6i0/0CTYNMHICTIO Ma/Ik MeHIIE, HiXK
10 3B’s13KiB, 1[0 06epTatoThes (rotatable bonds), Ta
1011y moJisipHoi noBepxHi (polar surface area (PSA))
MeH1le, Hixk 140 A2 Xbr03 Ta criBasT. IMOoKasaJiu, 1110
CTMOJIYKHY i3 3HaueHHSMU logP MeHmuMuy, Hixk 3 Ta
PSA 6isbiue, Hix 75 A2y 6 pasis pije cipH4HHAIOTE
Mo6ivyHi peakuii y in vivo AoCTipKeHHSAX TOJEPAHT-
HOCTI, H>XK CITOJIYKH, 1110 He BiANOBilaJn UM KpU-
TepisM [39]; JloBepiHr Ta KoJsieru [40] 10BOAATD,
1110 iCHY€E B3aEMO3B’SI30K MiX T. 3. IIJIOCKICTIO» MO-
JIEKYJIH, 1110 3aJIEXKHUTD Bif KiJibKOCTi sp? riopuauso-
BaHHX aTOMiB KapOOHY, Ta UMOBIipHicTI0 ii moTpa-
IJISTHHSA 10 CIOJYK-Ji/lepiB npu nowyky JI3.
BipTyanbHuii ckpuHiHr He € 100% HaailiHUM Me-
TOJ0M NOLIYKY HOBUX JI3, OCKIJIbKY He 3aBXKJU MOXK-
Ha nepeab6aunTu ¢iznyHi, ximiuxi Ta 6ios10TivHI BJa-
CTUBOCTI CIIOJIYK HA OCHOBI ix cTpykTypu. Ha eTami
BipTyaJ/IbHOT'0 CKPHUHIHTY 6araTo akTUBHHUX CIOJIYK
MOXYTb OYTH BiJIKNHYTI i He B34Ti K0 yBaruy, npo-
Te Iel MiAXij] € riJHO CIPo60I0 CUCTEMATU3YBATH
NpUHUUNK Aii JI3 i onTUMI3yBaTH OLiHKY BEJUKUX
6a3 pe4oBUH. Y KOHTEKCTi BHUI[EOKPECTEHUX PO-
6/1eM aKTyaJbHUMH € NlepeBaru gpazmeHm-opieH-
mosaHoz2o koHcmpytoeaHHA J13 (fragment-oriented
drug design) [41]. [lapagokcanbHoO, aje pparMeHT-
opieHTOBaHUM AiM3aliH 6a3yEThCS HA CKPHUHIHTY MEH-
1101 KiJIbKOCTI CIOJIYK (AeKibKa TUCSAY) 3 METOI0 MO-
yKy HU3bKoadiHHUX PparMeHTiB (i3 3HAUEHHAMU
K, B Mikpo- Ta MisliMosisipHOMY JianasoHi). Ha npoTu-
Bary 3araJbHONPUHHATUN papMaKoJIOriuHUI CKpH-
HIHT HAMAara€eThCs OXOMUTHU SIKHAWG1/IbLIE CIOJYK (K
MpaBUJIO, MiJIbBIOH YU 6i/iblIE) 3 METOIO MOIIYKY 0~
TEHLiMHUX croyK-JiJepiB (i3 3HaueHHAMU K, HAXK-
yuMH, HiXK 1 uM). [IpoTe, mpumyckawuy, 10 po3Mip
«XiMIYHOT'O BCECBITY» 3HAXOAUThCS B Mexkax 10%, ckpu-
HiHr 10° ciosiyk (110 NpeACcTaBJsIE JOCUTh BEJTUKY
JIOKaJIbHY BUOIPKY) Jie/iBe OXOIJIIOE SIKYCh YaCTUHY
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JOCTYIHOTrO XiMidHOro npocropy. llle ogHiero npo-
6J1eEMOI0 «3BUYAWHOT0» CKPUHIHTY € PaKT, 1110 BeJIr-
Ka 4aCTHWHA 6ibIIocTi XiMiYHUX 6i6J1i0TEK BK/IOYAE
CIIOJIYKH, OITUMI30BaHi //1s BiIOMHUX MillleHel, 1110 B
Mal6yTHbOMY 0OMeEXYE XiMiyHe po3MaiTTsa 6i6J1io-
TeK i, 1K HaCJiJIOK, 3MEHILYE HIaHCU BUSBJIEHHS HOBUX
cnoayk-yifepiB. Ha npoTuBary iMoBipHa KiJIbKICTb
icHyro4MX XiMiYHUX QparMeHTiB € Ha 6GaraTo Mopsij-
KiB MEHILIOI0 — CIOJIYK i3 MOJIEKYJIIPHOIO0 Macol0 MeH-
uioto, Hixk 160 Da € npu6/113HO 14 MinbiioHiB. OTXe,
CKpUHIHT ¢pparMeHTHOI 6i6s1ioTeku i3 10000 criosyk
OXOIJIFOE 3HAYHO Oi/iblINM XiMiuHO AUBepcudikoBa-
HUHM NpOCTip, Hi>K 3BUYaHUN BUCOKOepeKTUBHUM
dbapMakosOTriYyHUHM CKPUHIHT. 3 iHLIOTO 60KY, CTPYK-
TYPHO MPOCTIillli MOJIEKY/IU XapaKTepU3yKTbCA BU-
1010 MMOBIipHicTIO peaJtizauii piBHS 3B’sI3yBaHHA 3
6iomakpomouiekynamu (hit rates). Bucoki hit rates y
[bOMY BUNA/JKY € He JIMILe HACJiIKOM MPOCTO BU-
IIMX KOHIleHTpallil, ajle ¥ Bifo6paXkaloTh LIUpIe
OXOTLJIEHHS XiMiYHOT0 AHUBepCcUdiKOBAHOTO MPOCTO-
py. OTxe, fociimpkeHHs pparMeHTiB (MEHIUIUX i CTPYK-
TYPHO NMPOCTIilIUX MOJIEKYJI) y 6araTbox BUMAJKax
MOXKe 6yTH HAaWUKOPOTIIUM LLJISIXOM JIJIs1 JJOCATHEH-
Hsl 6aJIaHCy MK OTEHI[IHHOI0 6i0J/IOTiYHO0 aKTHUBHI-
CTIO Ta ONTUMaJIbHUMHU papMaKOKiHETUYHUMHU BJIa-
CTUBOCTAMHU [41].

Taky¥M 4YMHOM, O4iKYBaHUM pe3yJIbTaTOM BCiX BU-
1leHaBeJleHUX MeTO/iB Ta aJITOPUTMIB MOIIYKY HO-
BUX 6i0JIOTIYHO aKTUBHHUX CNIOJIYK € OTPUMaHHs TaK
3BaHOI «CIIOJIYKU-Jigepa». Choayka-iidep (lead-com-
pound) — 11e «CTPYKTYpPHUH NIPOTOTUII» MalGyTHHO-
ro JI3, 1o xapakTepu3y€eThbCsA BU3HaUYeHOo ¢izioso-
riYHOl0 aKTUBHICTIO, Ha 6a3i fiKoi i 6yze CTBOpIOBa-
THcs npenapart. CroJsyka-Jijiep MoBUHHA BOJIOJITH
6axkaHOM0 6i0JIOTIYHOI0 aKTUBHICTIO Ta 6y TH NPUAAT-
HOIO JIJ11 NOAQ/IBIIOI CTPYKTYpPHOI onTUMi3zanii. Kpim
TOTO, CIIOJIyKa-JIiZiep He MOBUHHA By TH Ay:Ke MoJsp-
HOI0 YU J1inodiapHO0 (AJ151 YHUKHEHHS IPO6JIEMH 3
61040CTyIHICTIO), HE MICTUTH TOKCUKOOPH YU I'py-
MY, 1[0 MOXYTb YTBOPIOBAaTH TOKCUYHI MeTaboIiTH, a
TaKO)X He MOBUHHA HE3BOPOTHHO (KOBaJIEHTHO) pea-
ryBaTH 3 6ioJioriuHoo MilltleHH!0. OnTUMi3allis CTpyK-
TypH-JliZiepa € eBOJIIOLIHHUM TpouecoM. byib-Aki cyT-
TEBI YX He3HAYHI NOKpallleHHs BJaCTUBOCTEN MO-
JIEKYJIM IPU3BOJSATH 10 HOBUX aHAJIOTIB, IKi ONTU-
Mi3yIOThCS /0 OTPUMaHHSA KaHAu/laTa Ha JiKapch-
KUt 3aci6 [37, 42].

Crnostyku-Jiziepy MoKy Tb 6y TH OTPUMaHi He TiJib-
KU B Ipolieci BipTyasbHOr'0 Y4 BUCOKOE(EKTHBHO-
ro ¢papMakoJIoriyHOro CKpUHiHry. OfHUMHU 3 HaHl-
6araTiux JKepes1 6i0J0riYHO aKTUBHUX CIOJIYK 3a-
JIMIIAIOTHCA PEYOBUHU NPUPOJAHBOI0 OXOKEHHH],
MPUYOMY MOBA H/ie He TiJIbKU PO POCIUHHY CUPO-
BUHY, aJjle ¥ PO MiKpOOpraHi3aMy, 1110 MOXXYTb Oy TH
NpPOAYLIEHTAMU SIK aHTHUOIOTHUKIB, TaK i iIHIIUX KJa-
ciB JI3. IliaTBEepAKEHHSAM I[bOTO € «KJACHYHI» MpU-
KJIa/I1 — ceplieBi 1iKO3W/IH 3 POAY HaIlepCTAHKU; MOP-
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il - cnosyka-Jifiep /1l CTBOPEHHSI aHa/ITETUKIB,
IPOTUKALLJIbOBUX 3aC06iB, aHTAroHicTiB Mopdiny,
aHTH/jiapeHUX 3ac06iB Ta HEWPOJIENTHKIB; casilu-
JIOBA KM CJIOTA BOJIOAIE C1aOKOI0 MPOTHU3aNaJbHOI0
Ji€ro, a 1l moXiZHe aleTUJCaaiLUJI0Ba KUCJA0Ta € He-
3BOPOTHIM iHT6ITOPOM IIMKJIOOKCUT€HA3H Ta BUKO-
PUCTOBYETHCA A1 MPodiJlaKTUKK TpoM603iB. Jlo iH-
LIMX IPUKJIAZIB CIOJYK-JIilEePiB POCJIUHHOIO [10X0-
JPKEHHS MOXXHA BiIHECTH aJIKaJIoiAu Kypape, namna-
BEPUH, aTpPOIliH, KoKaiH. KpiM pedoBHUH pOCIMHHOTrO
MOXO/PKEHHS 6araTUM /KepesioM JiKapCbKUX 3aC0-
6iB € eHJloreHHi HeWpoMe/iaTopy. Mailke KOXKHA MO-
Audikauis gqodaminy, cepoToHiHy, ricraMiny Ta ane-
TUJIXOJIIHY IPUBOJMJIA 10 OTPUMaHHS CIIOJIYK i3 3Mi-
HEHOI aKTUBHICTIO Ta CeJIEKTUBHICTIO, AKI 4aCTO CTa-
Ba/IM KaHguAaTtamu Ha JI13. Pap J13 6yB oTpuMaHuid
i/l Yac BUBYEeHHS 6i0XiMiYHUX MeXaHi3MiB (Hampu-
KJIaJl, il TOPMOHIB — CHHTETUYHI KOPTUKOCTEPOIH,
KOMOiHallisl eCTpOo- Ta recTareHiB y NpoTU3aIIiIHUX
JI3), «<komitoBaHHS» iCHYIOYHX JIIKAPChKUX 3aC00iB i3
He3HAaYHUMH XiMIYHUMU MoAuikalisiMu (CTBOpeHHS
JIiKiB-KJIOHIB - 1[0 OTpUMaJio Ha3By me too). YacTo
TaKl aHaJIOTU MOXYTb MaTH CYTTEBI TepaleBTHUYHI
nepeBary, HaNpUKJa/, CTikkKi g0 Ail f-1akTamasu me-
HinW/IiHY, AlypeTHyHi i npoTuaiabeTHyHi cysbaHi-
amiau, nosisspHi H,-anTUrictaminzi npenapaTtu 6e3

JlitepaTtypa

celaTUBHOTO ePeKTy TOI0. AKTUBHO BUKOPUCTO-
BYIOTbCH fIK J)Kepesia iHHOBaLilnHuX JI3 Bxke BIpo-
BaJKeHI HAa pUHOK IpenaparTu, 9K HacJai[0K, BCTa-
HOBJIIOETbCH MOKJIMBICTD IHIIUX aClEeKTiB BUKOPH-
cTaHHs (HanpuKJaj, 3araJlaHuii cuigeHadis — Jus.
Buie) [37].

HaBeneHuii nepesik nizixoZiB Ta MeTO/IB, 1110 HA
CbOrO/IHI € JIOMiHAHTHHUMHU Y CTBOPEHHI iHHOBaIil-
HUx JI3, € mpeiMeTOM MOCTIHHOTO 3allikaBJeHHs Hay-
KOBOI ciJIbHOTH. OKpiM TOT0, 6i7bIICTh OCHOBHUX
MOMEHTIB € IHTerpOBaHUMU B HaB4YaJ/IbHI KypCH CTy-
JeHTiB-¢papmaneBTiB (Ha piBHi PharmD Ta MS) B pam-
Kax [ucuuiiing Meguyna ximis (Medicinal Chemist-
ry) [5] Ta npeacTaB/ieHi B aBTOPUTETHUX MiJJPYIHU-
Kax [4, 6, 7, 43]. Ha »xasib, B yMOBax CbOTO/I€HHS VK-
paiHCBbKi CTyIeHTH-bapMalieBTH HEIOCTATHHO 03HAHOM-
JieHi 3 3araJIbHOCBITOBUMH TeH/IEHIIiIMU papMalleB-
THUYHOI rasy3i. MakcuMaibHO HaGJIKeHUM (3 pop-
MaJIbHOI TOYKH 30py) A0 3rajlaHoro Kypcy Meauy-
Hoi xiMmii € @apmalieBTUYHA XiMisl, poTe peaJtii cBijI-
4yaTb PO HEOOXiAHICTH Il pedpopmyBaHHA. AK cnpo-
6a Takoro pe¢opMyBaHHs Ta rapMoHi3allii 0CBiTHIX
nporpam, € 3apoBa/PKeHUN HaMmu Kypc «Komm'to-
TepHi TexHoJiorii y dapmarii» (AJs cTyAeHTIB 4-T0O
Kypcy) [44-48], AKuil ja€ MOXK/IMBICTh BUBYEHHS 3a-
raJbHUX NigxoniB cydyacHoro drug design.
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HOBI IIOXIAHI TIAPA3SUAY I30HIKOTUHOBOI KUC/JI0TH
AKINOTEHUIUHI TIPOTUTYBEPKY/IbO3HI 3ACOBHA

H.B.l'onuyapenko, B.B.biarogatuuii*, B.B.Koanimuu**, .M.Konepuuk™*,
O.[1.Ko3auenko**, B.C.bpoBapeup**, J.O.MeTeauusa**

KniHiko-zgiarHoctuyHa 1a6opartopis, TeputopianbHe MeguuHe 06’'eiHaHHA «PTH3iaTpis», M. Kuis

* HanioHasibHa MeIUYHA aKaieMis nicasaaumniaomMmuoi ocsity im. [LJLIIynuka
** [HcTuTyT 6ioopraniunoi ximii i HadToximii HAH Ykpainu
02660, M. KuiB, Bys1. MypMaHchKa, 5. E-mail: kopernikl@ua.fm

Kntouosi cnosa: QSAR; Mycobacterium tuberculosis; H37RV; HR; noxidHi i3oHiazudy

lNosisa mynbmupe3ucmeHmMHuUx wmamie mikobakmepii mybepkynbo3dy (Mtb) € cmumynom 0o nowyky Hosux echek-
MmueHUX nikapcbKux 3acobie. Hesgaxaro4u Ha rosisy cydacHux npomumy6epKynb03HUX fpernapamis, i3oHia3ud
€ KI1r4o8uM ma Halibinbw eghekmusHUM KOMIOHEHMOM 0115 8CiX My/fibmumepanesmuyYHUX CXeM JliKy8aHHS, pe-
komeHdosaHux BOO3. OnucarHuli QSAR du3saliH, cuHme3 ma ouyiHka in vitro npomumy6epKyibO3HOI aKmU8HO-
cmi pssdy nomeHuitiHUX noxiOHux i3oHiazudy 8iOHocHO wmamy Mtb H37Rv ma mynbmupe3ucmeHmHo20 wmamy
(HR). QSAR memodonoeisi 6yna 3acmocogaHa 3 8UKOPUCMAaHHSIM WMYyYHUX HEUPOHHUX mepex. [1poeHo3y4ya
30amHicmb peepeciliHux moderel oyiHrosanacs 3a 00roMo200 Memody KOB3HO20 aHari3y ma KoegiyieHma
rnepexpecHoi oyiHKu g2. 3a donomoeoto po3pobrieHoi QSAR modeni nposedeHo ouiHKY iHeibimopHoi akmugHocmi
440 sipmyarnbHux crionyk npomu Mtb, cim noxiOHux i3oHia3udy gidibpaHo ma cuHme3aosaHo. Y bionoaidHux 0o-
CNIOXKEeHHSIX sUKOpUucmaHo MyrnbmupesucmeHmHul wmam Mtb, cmitikul do i3oHia3udy ma puchamniyuHy. Yci
CUHMe308aHi CrofyKu 3 8UCOKOI repedbadqyeHoro akmueHicmio npodeMoHcmpysanu aHmumikobakmepianbHul
egekm o gidHoweHH do wmamy Mtb H37Rv. «Cnonyka-nidep» N1-(3-HimpogpeHinmemunideH)-nipuduH-4-
kapboeidpa3ud, ujo susisuna akmueHicmpe 8IOHOCHO Myrnbmupe3ucmeHmHoao wmamy Mtb (HR), € 06’°ekmom
rnodanbuwux 00CiOXKeHb SIK MOMeHUilIHUG aHmumikobakmepianbHUl azeHm.

NEW DERIVATIVES OF ISONICOTINIC ACID HYDRASIDE AS POTENTIAL ANTITUBERCULAR AGENTS
N.B.Goncharenko, V.V.Blagodatnyi, V.V.Kovalishyn, . M.Kopernyk, O.P.Kozachenko, V.S.Brovarets, L.O.Me-
telytsia

Key words: QSAR; Mycobacterium tuberculosis; H37RV; HR; isoniazide derivatives

The appearance of multidrug-resistant strains of Mycobacterium tuberculosis (Mtb) is a stimulus for searching
new and efficient antitubercular drugs. Despite the appearance of new antitubercular drugs, isoniazid is still
the key and most effective component in all multitherapeutic regimens recommended by the WHO. This paper
describes the QSAR design, synthesis and in vitro evaluation of the antitubercular activity of several potent iso-
niazid derivatives against Mtb strain (H37Rv) and resistant strain (HR). The QSAR method was applied using
Artificial Neural Networks. The predictive ability of the regression model was estimated through leave-one-out
cross-validation coefficient q2. The inhibition activities of 440 virtual compounds against Mtb were evaluated
by the QSAR model developed, and seven isoniazid derivatives were selected and synthesized. In the bio-
logical research the multidrug-resistant strain of Mtb with resistance to isoniazid and rifampicin was used. All
compounds synthesized with the predicted high activity showed antimycobacterial activity against Mtb strain
H37Rv. “The compound-leader” — N'-(3-nitrophenylmethylidene)-pyridine-4-karbohidrazide revealing the activity
against multiresistant strain (HR) of Mtb is identified as an original object for further research as an potential
antimycobacterial agent.

HOBBbIE MTPOU3BOAHbLIE TMAPA3ULOA U30HUKOTUHOBOU KNCITIOTbI KAK MOTEHLUAJIbHBIE PO-
TUBOTYBEPKYJIE3HbIE CPELCTBA

H.B.MoH4YapeHko, B.B.bnazodamHsiti, B.B.KoeanuwuH, N.H.KonepHuk, O.l1.Ko3a4yeHko, B.C.Bpoeapeu,
J1.A.Memenuua

Knroueesnie cnoea: QSAR,; Mycobacterium tuberculosis; H37RV; HR; npou3godHbie u3oHua3uda

lNosieneHue mynbmupe3ucmeHmHbIX wmammos Mukobakmepuu mybepkynesa (Mtb) sensemca cmumynom o0ns
roucka HosbIx 3¢hgbeKMUBHbIX NleKkapCmeeHHbIX cpedcma. Hecmompsi Ha rnosienieHUue Co8peMeHHbIX POMueo-
myb6epKynesHbIX rnpenapamos, U3oHUa3ud Aes1emcs Kr4eebiM u Haubonee 3¢hgheKmu8HbIM KOMIOHEHMOM
0r1s ecex Mynbmumepanesmu4yecKux cxem fiedeHusi, pekomeH0oeaHHbIx BO3. Oma cmambs onucsieaem QSAR
Ou3aliH, cCuUHmMe3 U OUeHKy in vitro npomusomybepKyne3Hol akmusHocmu psida nomeHyuarbHbIX MPOU3800HbIX
u3oHuasuda npomue wmamma H37Rv u mynsmupe3ucmeHmHoeo wmamma Mtb. QSAR memodonozausi bbina
ucrnonb308aHa ¢ nPUMeHeHUeM UCKYCCMBEeHHbIX HelUPOHHbIX cemedll. [MpoeHo3upyrowasi criocobHOCMb pegpeccu-
OHHbIX Modesell oyeHuUsanach ¢ NMoMowbo Memooda CKOMb3AWe20 aHanu3a u koaghguyueHma rnepekpecmHol
oueHku q2. C nomouibto paspabomarHHol QSAR modenu bbina nposedeHa oueHka UH2UbUMOPHOU aKmueHoC-
mu 440 supmyarnbHbix coeduHeHuli npomus Mtb, cemb rnpou38o0OHbIX u3oHUa3uda omobpaHO U CUHMEe3UpPo-
8aHo. B 6uonozuyeckux uccrnedosaHusx UCMonb308aau Mynbmupe3ucmeHmHsbit wmamm Mtb, yemoulyusenbili
K u3oHuUa3udy u puchamnuyuHy. Bce cuHmesuposaHHbie cOeOUHEeHUSs C 8bICOKOU MPO2HO3UPYyeMoU aKmueHOC-
mbro npodemMoHcmpuposanu aHmumukobakmepuarsnbHbIt 3¢hghekm omHocumenbHo wmamma Mtb H37Rv.
«CoeduHeHue-nudep» N1- (3-HumpogbeHunmemunudeH)-nupuduH-4-kapboaudpalud, nposisusuwIee aKkmueHOCMb
OmMHoOCcUMesibHO Myrnibmupe3ucmeHmHoeo wmamma Mtb (HR), sensgemcs o6bekmom OanbHelwux uccriedosa-
Hull 8 Ka4ecmee rnomeHyuanbHo20 aHmMuMuKkobakmepuasibHo20 azeHma.

59



ISSN 2308-8303

Journal of Organic and Pharmaceutical Chemistry. — 2015. — Vol. 13, Iss. 1 (49)

Bigomo, 1110 XapaKTEpPHO 0COGIUBICTIO ITAMiB
Mycobacterium tuberculosis BBRXXa€TbCs X HaI3BU-
yallHa MiHJIMBICTb Ta 0COGJMBOCTI CTPYKTYpPH KJIi-
TUHHOI 060JIOHKY, 3aB/IIKM YOMY BOHH 3JaTHI LUIBU/I-
KO IPUCTOCOBYBATHUCS /10 aHTUOAKTepiaIbHUX TIpe-
napatiB. CkyiaZHa 6y/10Ba KJITUHHOI MeMOpaHHU Mi-
KOOaKTepil € He TiJIbKU NepeliKo/ 00 AJis IPOHUK-
HeHHs TepaneBTUYHUX 3ac00iB, ajie i CTBOPIOE YMO-
BU /iJ11 iICHyBaHHA [IMX MIKpPOOpPraHi3MiB y JlaTeHT-
Hilt popmi Ta popmye iX peaucteHTHIcTb [1, 2]. Ulinb-
HUH 3B’I30K MiKOJIOBUX KHUCJIOT 3 apabiHoraJiakTa-
HOM Ta NeNTUAO0IJiKaHOM KJITHUHHOI CTIHKU MiKO-
6akTepili 3a6e3neuytoTh ii HaZJHU3bKY IPOHUKHICTB,
a alUJIbOBaHi Tperasaosy, Bigomi sik kopa-dakTopu
a6o ¢axkTopH BipyJIEHTHOCTI, iHAYKYIOTh Ha Ii moBepx-
Hi eKcrpecito LU TOKIHIB [3, 4].

Oco6JiMBy Hebe3MeKy MpeACTaBIASAITb MYJIbTH-
pe3ucTeHTHi mTamMmu M. tuberculosis, 1110 € CTINKUMU
OZITHOYACHO JI0 JIeKIIbKOX JliKapChbKUX 3ac06iB [5]. IH-
dexk1ii, BUK/JIMKaHi TAKUMU LITaMaMU, MaloTb TOCTPO
NpOTPECYYHM XapaKTep Ta NOTaHO MiAAalThCs Jii-
KYBaHHIO iCHYIOUMMU NpenapaTaMu.

3BaXkalo4uu Ha Te, 1110 3a ocTaHHi 30 pokiB He 3'-
BUJIOCS KO/IHOT'O HOBOT'O ITPOTUTY6EPKYJIHO3HOIO ITpe-
napaTy 3 HOBUM MexaHi3MoM Aii [6], moiyk Buco-
KoepeKTUBHUX aHTUMIiKOGaKTepiaJIbHUX 3aC06iB €
aKTyaJIbHUM 3aBJlaHHSIM cy4acHoi ¢papMaleBTHKU
Ta 6ioopraHivyHO] XiMil.

Binomo, 1110 3a K/1acu®ikalli€ro IpoTUTYGEPKYIIbO3-
HUX NpenapaTiB MixkHapoHOTo col03y 60pOThOH 3 TY-
6epKy/Ib030M /10 IpenapaTiB 3 BUCOKOIO ePeKTHUBHI-
cTio (1 rpyna) BiiHOCUTBCH i30Hia3U/ AK HAUOIAbIL
edeKTUBHUH 3 TpenapaTiB rupasuay i30HIKOTHHOBOI
KUCJIOTU NIpH Oyb-KiK dopMi Ta JioKastizallii akTUB-
HOI'0 TYy6epKyJIb0o3y K Y JOPOCIUX, TaK i y AiTel [7].

Meta po6oTu - QSAR nporHo3yBaHHs Ta BUBUEH-
HSl aHTUMiKo6GaKTepiaJlbHOI aKTUBHOCTI HOBHX CIIO-
JIYK TPy i30Hia3uy NPOTU Ky/IbTYpHU WITaMiB My-
cobacterium tuberculosis.

JlaHa po60Ta € NPOAOBKEHHSAM J0CTi[KEHb, OTH-
CaHUX y molepe/iHixX ny6Jikaniax [8, 9].

Marepianu Ta meTogm

QSAR MozemoBaHHSA. BukopucraHa y po6oTi 6a3a
JaHUX CIIOJYK CKJIaZajiacs 3 MOXiAHUX i30HIa3uay -
iHriéiTopiB M. tuberculosis (gsist mramy H37Rv)[9].
AKTHBHICTb CIIOJIYK OLIiHIOBaJIU 3a BesiniuHO0 MIK
(miniMasibHa iHriGy104a KOHLIEHTpallifl), ika Bapito-
Basiacd Biz 0,00328 po 2800,34 MkM. KoxxHy MoJieKy-
JIy MOJIeJIF0OBAJIM 3a lonoMoror nporpamMu Chemaxon
Standardizer [10]. 3D cTpyKTypu onTUMi3yBau 3a
Jonomoroto nporpamu Chemaxon Standardizer ta
36epiranu y SDF popmari. Jeckpuntopu po3paxo-
ByBasiH 3a nporpamoro DRAGON [11]. AHTHMiKOGaK-
TepiaZbHYy aKTUBHICTb 3yMOBJIIOBAaB Habip, cpopMoBa-
HUH 3 HAKU OB 3HAYMMUX JecKpunTopis (1192 ne-
CKPHUIITOPH).
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Juis no6ynoBu nporHosyrunx QSAR mMozienelt Bu-
KOPHCTOBYBAJIU METO/J, aCOLiaTUBHUX LITYYHUX HEU-
poHHux Mepesx (ASNN-Associative Neural Networks)
[12, 13]. fkicTp Bcix Mozenel OL[iHIOBAIH 32 J0T0-
MOrow MeToay kKoB3Horo koHTpoJsw (MKK, leave-
one-out, LOO) [14].

[IporHoaytouy 3JaTHICTb perpeciiHux Mojesien
OIiHIOBAJIM 3a AOMOMOrolo KoedillieHTa MepexpecHoi
OIiHKH g7, 3anponoHoBaHoro Kpamepom Ta iH. [15].

N

N
q =1-X0,-1) /20 -7...): 1)
Je: O, - po3paxyHKOBUM BEKTOP aKTUBHOCTI MOJIEKY-
JU I; Y, - LiIbOBUHM BEKTOP aKTUBHOCTI MOJIEKYJIH I;
Y, ean — CEPEIHE 3HAYEHHA Y;; N — KIJIKICTD CIIOJIYK.

BiosoriyHi gociaigxeHHsa. [Ipy BUBYeHHI npo-
TUTYOEPKYJIb03HOI aKTUBHOCTI MOXiJHUX i30Hia3u-
Jly BUKOPHCTOBYBAJ/IM «KJIACHYHUU» mTaM Mycobac-
terium tuberculosis (H37Rv) Ta My/JIbTUPE3UCTEHT-
HuM wtaM (HR) 3i crifikicTio fo i3oHia3uay Ta pu-
damninuny.

ExcnepuMeHTasibHa YaCTUHa

QSAR Mopenb 6ys0 po3po6JieHO BUKJIIOYHO Ha
OCHOBi HaBYaJIbLHOTO Habopy, a ii AkicTb NiATBEp-
JDKEHO LIJISIXOM TPOTHO3yBaHHs iHTi6iTOPHOI aKTHB-
HOCTI CIIOJIyK 3 TeCTOBOT0 Habopy AaHux [16]. [Ipo-
1ec HaBuaHHs ASNN npoBou/Iu Ha HAGOPi JTaHUX
400 cnoayk. [lnsa TectyBanHsa QSAR mogeni BukKo-
pucrtoByBasiu 184 cnosnyku. [lic/ist no6y0BU 3arajib-
Hoi MoJiesti (Ha ocHOBI Bcix 1192 meckpunTopiB) 3a
JIOTIOMOT'010 METOZiB BiZi6opy AeckpunTtopis [17, 18]
crtBopeHo QSAR Mozesib Ha OCHOBI 62 JIeCKPUIITO-
piB. TOYHICTBH NPOTHO3Y, OTPMMaHa AJi1 HaB4YaJIbHOI
BUGIpKHM JaHuX, ckiaajgana q2 = 0,77%0,01, Toxi sk
JlJis TecTOBOTO Habopy q? = 0,71+0,01.

Ha pucyHnky rpadiuHo npepcraByeHe CliBBiJHO-
[IeHHS eKCIIepUMEHTAa/JbHO OTPUMAaHOI'0 3HAYEeHHS
-lg(MIK) no ¥ioro nepeji6adyeHOro 3Ha4eHHs JJ1s1 HaB-
YaJILHOTO Ta TECTOBOI'0 HAGOPIB JJaHHUX.

A BUJHO 3 PUCYHKa, AJIF CIIOJYK 3 TECTOBOTO
Habopy pi3HUI MiXK eKCllepUMeHTaJbHUM Ta Ie-
pes0aueHUM 3HAaYEeHHSIMU aKTUBHOCTI JIEXKUTDb B Me-
ax 1-2 Ig(MIK). [lnst peurtyu crosyk 3 TeCTOBOro Ha-
6opy (174 3 184) pi3HHUILA Mi>K eKCITepUMEHTaIbHUM
Ta nepeA6adYeHUM 3HAYEHHSIMU aKTUBHOCTI JIEXKUTh
y Mexax 1 1g(MIK), 1o cBiiUMTh NP0 BUCOKY NpPO-
rHO3Y104y 3/]laTHICTb po3po6sieHoi QSAR Mozeni.

BipTyanbHuii Habip 3 440 cnosyk, 110 6y/1u 4acT-
KOBO JI0CJIi/I>KeHi y monepeaHil po6oTi [8], npoaHa-
JIi30BaHO 3a J|0MOMOT 010 po3pobseHoi HaMmu QSAR
Mo/jieJii. IHri6iTOpHA aKTUBHICTh BCiX crosyK 6y/1a
nepeabadeHa B Mexax 1,7-3,7 MKM, 1110 CBiTYUTH PO
MPUBJIM3HO O/JHAKOBY aKTHUBHICTb CIOJIYK POTH ILITa-
My H37Rv M. tuberculosis. Cnonyku 1-7 3 HalBHII010
nepe/16a4eHO0 AaKTUBHICTIO BiZ[i6paHo /sl CHHTe-
3y Ta MoJjajblIoro 6iosoriyHoro TectyBaHHs. CHH-
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EkcnepumeHTanbHe 3HayeHHs -Ig(MIC)

Puc. CniBBigHOLLEHHS ekcneprMeHTansHO oTpuMaHoro 3HaveHHs —Ig(MIK) go oro nepenbayeHoro 3HayeHHs

Ana HaB4arbHOro Ta TeCToBOro Ha60piB AaHnx.

Ox N

1-7
Ar = 4-EtC,H, (1); 3-O,NC.H, (2); 3-H(O)CCH, (3);
4-H(O)CC4H,(4); 4-MeO(O)CCH, (5); 2-MeC4H, (6);
3-MeCgH, (7)
Cxema

Te3 croJyk 1-7 npoBoAWIIY 3a BiJOMUMHU METOAAMHU
[19, 20, 21, 22] (cxema).

KynpTuByBaHH4 1TaMiB Mycobacterium tubercu-
losis TpOBOU/IN HA CTAaHJZAPTHOMY I10KMBHOMY Ce-
penosuLi JleBeHInTeliHa-HeHceHa MeTo0M mpomnop-
uit 3a Kanetri [23]. CycneHsito KyabTypu cTaHgap-
TU3YBaJIU 32 6GaKTepiaIbHUM CTaHJJAPTOM MYTHOCTI
(1 McF). Iaky6arito 6akTepiasbHOI cycreHsil mpoBo-
JWJIA BIPOAOBXK 6 THXKHIB pu TeMnepaTypi +37°C.

PesysibTaTH 0CIi/PKEHHS TPOTUTYOEPKY/IbO3HOI
aKTHUBHOCTI CHHTE30BaHUX CIIOJNYK [IPe/CTaBJIeHO B
TabJIMIII.

Jlani Ta6sMLi cBigYaTh, [0 CHHTE30BaHi MOXiJ-
Hi i30HiIa3Uy BUSBUJIUM aKTUBHICTbD SIK 10 BiJHOILIEH-

Ta6bnuya

QSAR nporHo3 Ta aHTUMiKObaKTepiaibHa aKTUBHICTb
NoxiAHWX i30Hia3nay

YyTnmsictb
2 | konueHTpaLin pHO . tuberculosis po fji
et Cl'lOJ'IyKVI M AKTUBHOCTI, CI'IOJ'IyK
O ' Ig(MIK)
H37Rv HR
510" q q
! 5.10% 6,33 4 Y
510 q q
2 5.10° 6,41 y y
510 4 4
3 o105 6,38 d o
510 q q
4 o105 6,57 d o
510 q P
> 5.10% 6,38 v p
510 q P
6 5-10% 6,24 4 p
510 q P
7 5.10° 6,32 y p

MpumiTka: Y — kynbTypa 4yTimBa; Y* — kynbTypa 4acTKOBO YyT/MBa;
P — kynbTypa pe3ucreHTHa.
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HIO J10 «kjacuyHoro» wramy (H37Rv), Tak i mo Bij-
HOLLEHHIO [0 MYJIbTUPE3UCTEHTHOTO WTaMy M. tu-
berculosis (HR). 3okpema, BUCOKY aKTUBHICTb Npo-
JIleMOHCTpYBaJia CroJyiyka 2. Y YUHHUX KOHLIeHTpa-
1isx 5-10* ta 5-10°M cnosiyka 2 iHri6yBaJjia picT He
JIMIle YYTJIUBOTO, @ U MyJIbTUPE3UCTEHTHOTO LITaMy
Miko6akTepiaibHOI KyAbTypH. Crionyku 1, 3 Ta 4y
KoHIeHTpaii 5-10*M Takox npyurHiuyyBau pict urra-
My HR M. tuberculosis. Ilpy 3HW»XKeHHI IX KOHLIEHTpa-
1ii 10 5-10° M aKTUBHICTb CIOJIYK 4YaCTKOBO 3MeH-
myBaJsacs. Bei focaigpkeHi cnosyku npurHidyyBaau
pict Miko6akTepiasibHOI KyabTypu mwTamy H37Rv.

OTpumani pe3ybTaTH 6i0JI0TIYHOTO AOCiKEH-
Hsl aHTUMiKoGaKTepiaJbHOI aKTUBHOCTI CHHTE30Ba-
HUX NOXIAHUX i30Hia3uy niATBepAU/IM IPOTHO3 aK-
TUBHOCTI, OTpMMaHui#l 3a gonomorow QSAR mozeni
(Tabsuus).

3a pesysnbraTamMu QSAR MozetoBaHHSA Ta 6ioJs10-
riYHOI'0 TeCTyBaHHA CUHTEe30BaHUX IMOXIJIHUX i30-
Hia3uay BU3HAYEHO «CIONMyKy-Jigep» (2) - N!-(3-HiT-
podeHinMeTUNIAEH)NipUANH-4-Kap6oTiapa3uy, 1o
BUSIBHUJIA aKTUBHICTbh NPOTH MYJIbTUPE3UCTEHTHO-
ro wrtamy (HR) M. tuberculosis.

JNitepatypa

Xoya rifpasuy, i30HIKOTUHOBOI KUCJIOTH LUUPO-
KO BUKOPHCTOBYIOTb ZIJisl JIiIKyBaHHS TY6epPKY/Ib03Y,
y 70% BUnaKiB 0 HBOTO WBUAKO GOPMYETHCS pe-
3UCTEHTHICThb [24]. ToMmy noaa/iblile BAKOPUCTAHHSA
3amponoHoBaHoi QSAR Mozesi aHTUMiKOGaKTepiasib-
HOI aKTUBHOCTI € aKTyaJIbHUM Ta [1epCeKTUBHUM MiJ-
XOZI0M /1Jiel IOLIYKY HOBUX MOTEHLiaIbHUX TPOTHUTY-
6epKyJIbO3HUX 3aC06iB cepes MOXiAHUX i30Hia3uAay.

BUCHOBKM

[IpoBegenuit QSAR aHasi3 103BOJIMB 3 BUCOKOIO
TOYHICTIO BiZiibpaTu 7 coJyK cepeJi MOXiAHUX i30-
Hia3uy 3 HaWBUILKMM IPOrHO30BaHUM piBHEM aH-
THUMiKOOGaKTepia/bHOI aKTUBHOCTI J1J1s 1{iJleclIpsiMo-
BaHOI'0 CUHTE3Y Ta 6iosioriyHoi o1iHKH. Bci cuHTE30-
BaHi CIOJIYKH, 5K 1 mepe16a4anioch, BUSBUIN BUCOKY
NPOTUTYOEPKYJIbO3HY aKTUBHICTb. [feHTHdiKOoBaHa
«cnoayka-aigep» - N1-(3-nitpodeninmernnigen)-
nipuanH-4-Kap6origpasns 3 BUCOKOI aKTUBHICTIO
npoTu MysnbTHpe3rucTeHTHOro wtamy (HR) M. tuber-
culosis € opuriHaJIbHUM 00’€KTOM JIJISI TOTJINOJIEHUX
JOCJIiPKeHDb SIK MOTEeHI[IMHUN aHTUMiKobaKTepiaib-
HUU areHT.
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The number of new various diseases increases with the development of science and technology. But currently
medicine does not have effective ways to overcome this problem. There is a large number of different pharma-
cological groups of drugs at the pharmaceutical market, but some of them are not available for the Ukrainian
consumers. Therefore, the main task of national scientists in the field of pharmaceutical synthesis is the search
for new biologically active substances and their further introduction into medical practice as new, low-toxic,
original medicines of the Ukrainian production at an affordable price. The aim of our research is the synthesis of
a new class of biologically active substances, namely 2-((5-(phenoxymethyl)-4-R-1,2,4-triazol-3-yl)thio)ethan-1-
ols and their derivatives. All compounds obtained have been synthesized from 5-(phen-oxymethyl)-4-R-1,2,4-
triazol-3-thiones (R = H, C,H,, C¢H,) using electrophilic and nucleophilic substitution reactions when heating. The
structure of the compounds synthesized has been confirmed by using a modern set of physical and chemical
methods such as IR-spectrometry, 'H NMR spectrometry and elemental analysis, and their individuality by high
performance liquid chromatography-mass spectrometry. The work in determining the parameters of acute toxic-
ity and biological activity is continued.

CUHTE3 TA JOCHIOXXEHHS ®I3UKO-XIMIYHUX BITACTUBOCTEMW 2-((5-(PEHOKCUMETWII)-4-R-1,2,4-
TPUA30J1-3-1/T)TIO)ETAH-1-OJ1IB | IX MOXIQHNX

HO.M.Kyyepseut, A.lKannayweHko, A.C.Kopxoea, ®.An 3edaH

Knrovoei cnoea: 1,2,4-mpua3orn; cuHme3; ¢hizuko-xiMidHi erracmusocmi; yrismpasucokoegekmueHa piOuHHa
Xpomamo-mac-CrieKmpomempisi

3 po3sumkom HayKo80-mexHIYHO20 Mpoepecy 3pocmae KiflbKicmb HOBUX Pi3HOMaHIMHUX 3aX80pr8aHb, Ha o-
OonaHHs SKUX y MeOUUUHI He iCHye Ha Cb0200HIi echekmusHUX Memodig rlikyeaHHs. Ha ceimosomy ghapmauyes-
MUYHOMY PUHKY ICHY€ YUCTIEHHA KillbKiCmb Pi3HUX ¢hapMakomeparneemuy4yHuUX epyn JikapcbKux 3acobie, ane
He 8Ci 8B0OHU OOCMYTIIHI YKpaiHCbKOMY Crioxusady. ToMy OCHOBHUM 3a80aHHAM 8iMYUSHSIHUX HayKoeuig y eary3i
hapmauesmuyHo20 CUHME3Y € MowyK Ho8UX 6iorno2iYHO aKmuBHUX PEYO8UH ma rodarnbue ix ernposadKeHHs
y nlikapChbKy rpakmuky 8 SKocmi HO8UX, MaslomOKCUYHUX, OpU2iHanbHUX JlikapCbKUX rpernapamie yKpaiHCbKO-
20 8upobHuymea 3a docmymnHo UiHot. Memoto Hawozao AoCidOXKeHHs € CUHMEe3 HOB8020 Kracy 6iono2iyHoO
aKmueHuUx pe4yosuH — 2-((5-(¢gpeHokcumemun)-4-R-1,2,4-mpua3on-3-in)mio)eman-1-onie ma ix noxioHux. Bci
ompumani crionyku 6ynu cuHmesoeaHi Ha 0cHosi 5-(cheHokcumemunn)-4-R-1,2,4-mpua3son-3-mionie (R = H, C,H,,
C¢H;) 3 sukopucmaHHaM peakyili enekmpoginnbHO20 ma HyKneoinbHO20 3amilyeHHs npu HagpieaHHi. bydosa
CUHMEe308aHUX CroryK nidmeepoxxeHa KOMIMIIEKCHUM 8UKOPUCMAaHHSIM Cy4YacHUX Oi3uko-xiMivHUx memodis: 14-
criekmpogpomomempii, 'H SAMP-cnekmpomempii ma enemeHmHoe20 aHarnisy, a ix iHougidyanbHicmb — yrbmpa-
8UCOKOEhEKMUBHOK PIOUHHOI XpoMamo-Mac-criekmpomempieto. [Mpodoexyembcsi poboma 3i 6CmaHO8MeHHSs
rokasHukie 20cmpoi' mokcuyHocmi ma 6iosi02i4Hoi akmueHocMi.

CUHTE3, UCCJIE[OBAHUE ®U3UKO-XUMUYECKUX CBOUCTB 2-((5-(PEHOKCUMETWII)-4-R-1,2,4-TPU-
A301J1-3-UIT)TUO)3TAH-1-0J10B, A TAKXXE UX NMPOU3BOAHbIX

FO.H.Kyyepsienil, A.I.KannayweHko, A.C.Kopxoea, ®. An 3edaH

Knroyeesnie cnioga: 1,2,4-mpuason; cuHmes; (husuKko-xumuyeckue ceolicmea; yrnbmpasbiCOKO3ghhekmusHasi
JKUOKOCMHasi XpoMamo-mMacc-CrieKmpomempusi

C passumuem Hay4YHO-MEeXHUYECKO20 Mpospecca ysenuyueaemcsi Konu4yecmso Ho8bIX pasHoobpasHbIx 3abore-
8aHul, Ha npeodoneHue Komopbix MeduyuHa ce200Hs He umeem aghghekmueHbIX Memodos redeHus. Ha mupo-
80M hapmMaye8mu4YeCcKoOM PhIHKE Cyu,ecmeayem MHO204HUC/IEHHOE KOIUYecmeo pasfiuyHbIX ¢hapmakomepares-
muy4ecKux 2pynn 1ekapcmeeHHbIX cpedcmes, HO He 8ce OHU A0CMYIHbI yKpauHcKkoMy nompebumerto. [Toamomy
OCHOBHOLU 3adadyell ome4yecmeeHHbIX y4eHbIX 8 obrnacmu thapmayesmuyecKo2o cuHmesa s18/19emcsi rnouck Ho-
8bIX buonoau4YeCcKU akKmueHbIX seujecms u darnbHeliuee ux HeOpeHuUe 80 8paqyebHyto Npakmuky 8 kadecmee
HO8bIX, MaflOMOKCUYHbIX, OpUcUHaIbHbIX JIEKapCMBEHHbIX Mpernapamos yKpauHCcKo2o npoussodcmea o 0o-
cmynHoU yeHe. Lenbio Hawezo uccredosaHus Aerisiemces CUHmMe3 Ho8020 Krnacca buoio2uyecKu akmueHbIX ee-
wecme — 2-((5-(cpeHokcumemunn)-4-R-1,2,4-mpua3orn-3-un)muo)amaH-1-01108 U ux npou3sodHbIX. Bce nomyyeH-
Hble coeQuHeHuUs1 bbiniu cCUHMe3upoeaHbl Ha OCHoee 5-(¢heHokcumemur)-4-R-1,2,4-mpua3son-3-muoHos (R=H,
C,H,, C¢H;) c ucnonbsosaHuem peakyuli 3rekmpoguiibHO20 U HyKIIeoguibHO20 3aMeweHus rpu HagpesaHuu.
CmpoeHue cuHme3upos8aHHbIX COeOUHEHUL Mo0MeepPX0eHO KOMIMIIEKCHbIM UCIO0/15308aHUEM COBPEMEHHbIX ¢hu-
3UKO-xumuyeckux memoodos: MK-cnekmpoghomomempuu, 'H SIMP-criekmpomempuu, anemMeHmH+o20 aHanu3sa, a
ux uHOUBUdyanbHOCMb — YIbMpPasbiCOKO3hheKMuUBHOU XUDKOCMHOU XpoMamo-macc-criekmpomempuu. [1po-
Oomkaemcs paboma o ycmaHoe/eHur rnokasamernel ocmpol MoKcu4yHocmu u 6uornoau4eckol akmugHoCmu.
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The search of biologically active substances is an
important part of the pharmaceutical science deve-
lopment. Over the past decades 1,2,4-triazole deriva-
tives have proven themselves as highly effective drugs,
which are used in various fields, including medicine.
Despite the wide application 1,2,4-triazoles-3-thione
derivatives are insufficiently studied. Therefore, the
study of synthetic, physical and chemical properties
of 5-(phenoxymethyl)-4-R-1,2,4-triazol-3-thiones de-
rivatives is a topical problem for scientists today and has
practical importance, especially for further prediction
and determination of the pharmacological activity.

The aim of our research is the synthesis of a new
biologically active substances - 2-((5-(phenoxyme-
thyl)-4-R-1,2,4-triazol-3-yl)thio)ethan-1-ols (R=H,
C,H,, C,H;) and their derivatives.

In our work 5-(phenoxymethyl)-4-R-1,2,4-triazo-
le-3-thiones (1-3) obtained by the methods known
in the literature were used as initial substances [1, 3,
4, 7]. The corresponding 2-((5-(phenoxymethyl)-4-
R-1,2,4-triazole-3-yl)thio)ethan-1-ols (4-6, Scheme)
were obtained from the reaction between the initial
thiones and 2-chloroethanol in the sodium methoxi-
de medium. Substitution of the alcoholic hydroxyl in
compounds 4-6 to the atom of chlorine was perfor-
med in the medium of thionyl chloride with further
distillation of the solvent. The compounds 7-9 ob-
tained reacted with sodium salts of 5-R;-4-R,-1,2,4-
triazole-3-thiones (I-IX, Scheme) [4, 5, 6] in the DMF
medium when heating.

The structure of the compounds synthesized has
been confirmed by using a modern set of physical and
chemical methods such as IR-spectrometry, 'H NMR
spectrometry and elemental analysis, and their indi-
viduality by high performance liquid chromatogra-
phy-mass spectrometry (HPLC MS).

During our synthetic work 16 new compounds
of 2-((5-(phenoxymethyl)-4-R-1,2,4-triazole-3-yl)thio)
ethan-1-ols and their derivatives were obtained. The
physical and chemical constants are shown in Table 1
and comply with data of the specialized literature.

The study of some physical and chemical proper-
ties of the compounds synthesized was performed by
the methods described in the State Pharmacopoeia
of Ukraine (SPhU, ed.1). The melting point was deter-
mined by the capillary method (2.2.14) on PTP (M)
apparatus [2].

The elemental composition of new compounds
was determined in an ELEMENTAR vario EL cube ele-
mental analyzer (sulfonamide as a standard).

IR spectra were recorded in potassium bromide tab-
lets (the concentration of the substance is 1%) with a
Specord M-80 spectrophotometer in the region of 4000-
500 cm™ (the scanning conditions: the programme 3.0,
the time constant - t = 3 s, the scan time 33 min).

NMR spectra were recorded on a “Varian VXR-300”
nuclear magnetic resonance spectrophotometer; the sol-
vent was DMSO-D6, the internal standard was tetra-
methylsilane. The data were decoded with an ADVASP
143 computer programme [8].
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The compounds synthesized were studied using
LC MS device: an Agilent 1260 Infinity HPLC System
(degasser, binary pump, autosampler, column thermo-
stat, diode array detector); an Agilent 6120 single-
quadrupole mass spectrometer with electrospray ion
source (ESI); OpenLAB Software CDS. The chromato-
graphic conditions: 1) binary gradient - A: H,0 (HCOOH
0.1%), B: CH,CN (HCOOH 0.1%); 2) column - Zorbax
SB-C18, 30x4.6 mm, 1.8 um; 3) column temperature
-40°C; 4) DAD - 210, 254 nm; 5) ion Source — API-ES;
6) scan mass range - 160-1000; 7) fragmentor - 10V;
8) positive polarity; 9) temperature of nitrogen — 300°C;
10) nebulizer pressure - 40 psig; 11) gas dryer ve-
locity (nitrogen) - 10 1/min.

In the IR spectra of the compounds synthesized
the adsorption bands of C=N groups are present in
the range of 1634-1486 cm™, the adsorption bands
of the aromatic ring are in 1602-1470 cm’, the in-
tense bands of C=S-groups are in 705-570 cm™. In
the IR spectra of compound 11 (Tab. 2) fluctuations
of the NH, group at 3457 cm™, symmetric fluctua-
tions of the NO, group at 1350 cm™ and asymmetric
fluctuations at 1510 cm™ have been found.

The presence of alcohol radicals in compounds 4-6
is confirmed by valence fluctuations at 3610-3593 cm™*
and deformation fluctuations at 1424-1390 cm™, 720-
680 cm™. The IR spectra of compounds 7-9 (Tab. 2) have
adsorption bands at 645-652 cm* and 705-715 cm’},
which may indicate the presence of chlorine [8].

NMR spectra are characterized by the presence of
5 proton signals (multiplet) of the phenyl substituent
at 5.60-8.29 ppm, the protons signals of OH-groups
(4-6, Tab. 3) at 5.03-5.08 ppm and of the amino group
of compound 11 at 5.79 ppm [8]. In NMR spectra of
compounds 4, 6-19 the proton signals of methyle-
ne groups at 2.69-5.37 ppm and methyl radicals at
1.13-3.94 ppm (5, 8,10, 12, 14-18, Tab. 3) have been
found.

There are peaks of pseudomolecular ions (MH*)
in the mass spectra of the main components. It con-
firms obtaining of the target products with the ap-
propriate molecular weights. The work in determi-
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C¢H,OCH,-3, C;H,0CH;-4, C,H,(OCH,),-3,4,5, CsH,NO,-4, py;
R, =H, C,H;, C¢H;, NH,, CsH,OCH,-2.

Scheme. Synthesis of 2-((5-(phenoxymethyl)-4-R-1,2,4-triazole-3-yl)

thio)ethan-1-ols and their derivatives.



Table 1
Physical and chemical constants of 2-((5-(phenoxymethyl)-4-R-1,2,4-triazole-3-yl)thio)ethan-1-ols and their derivatives

<9

i 0 0
cor’\rlmz;t?rtds R R, R, T, °C Gross formula Y'S/:d’ C Fourlzld, % S C Calcul;ted, L S M M-H*
4 H - - 107-108 | C,,H;N.0,5 81 5241 | 1651 | 1289 | 5257 | 1672 | 1276 | 2513 252
5 CH, - - 128-130 | C,;H,,N,0,5 87 55.71 1529 | 1112 | 5589 | 1504 | 1148 | 2794 280
6 CH, - - 110-112 | C,,H,,N,0,5 89 62.08 12.9 9.71 62.36 5.23 9.79 327.4 328
7 H - - 98-99 C,sHsN,0S 77 48.72 15.35 12.29 48.98 15.58 11.98 269.8 270
8 C,H, - - 118-120 | C;H,CIN,0S 81 52.31 13.82 10.43 5243 14.11 10.77 297.8 298
9 CH; - - 95-97 C,,H,,CIN,OS 76 59.2 12.31 9.35 59.04 12.15 9.27 345.9 346
10 CH. | CH,(OCH.),-3,4,5 H 146-148 | C,.H..N,O,S, 80 5802 | 1432 | 1098 | 5832 | 1457 | 11.12 | 5767 577
11 CH.| CH,NO,4 NH, 124-126 C25H22N803SZ 79 5471 | 2042 | 1152 | 5493 | 2050 | 11.73 | 546.2 547
12 |CH,| CH,OCH,2 H 128-130 | C,,H,,N.0.S, 86 60.10 | 1601 | 1263 | 6044 | 1627 | 1241 | 5166 517
13 CH.| CH,0CH,-3 H 124-126 | C,,H,,N.0.S, 79 60.13 | 1608 | 1249 | 6044 | 1627 | 1241 | 5166 517
14 |CH.| CH,OCH.-4 H 170-172 | C,;H,,N,0.S, 83 6052 | 1638 | 1259 | 6044 | 1627 | 1241 | 5166 517
15 CH. Py CH,OCH,-2| 122-124 ca, , 70 S, 89 62.41 16.31 1054 | 62.71 16.51 1080 | 5937 594
16 C,H, Py C,H,OCH,-2 86-88 C,,H,,N,O,S, 81 59.58 17.53 11.59 59.43 17.97 11.75 545.7 546
17  |CH,| CH.-O-CH, C,H. 92-94 | C,H, Nﬁozs2 90 57.81 | 1721 | 12.83 | 5804 | 1692 | 1291 | 496.7 497
18 CH.| CH.-O-CH, CH. 134-135 | C,H,N,0,S, 89 6208 | 1552 | 1149 | 61.74 | 1543 | 11.77 | 54469 | 545
19 H C,H.-O-CH, CH. 130-132 | C,,H,,N.0.S, 75 6032 | 1604 | 1263 | 6045 | 1627 | 1241 | 5166 517
Table 2
IR absorptions of 2-((5-(phenoxymethyl)-4-R-1,2,4-triazole-3-yl)thio)ethan-1-ols and their derivatives
No. of Absorption frequency, cm
compunds VicoNin cycle) Vior/ o Vian Vics) Viceriso) 6(CH2)/ Vsicry, Vasichy) VsicH,0c 1) Ve Vioy/ Soy
4 1583 3594/1420, 680 1519 722 1371 1468/2865, 2938 - - -
5 1499 3593/1424,720 1589 689 1369 1475/2852, 2946 - - -
6 1572 3610/1390, 708 1578 622 1356 1488/2846, 2933 - - -
7 1619 - 1589 646 1372 1477/2853, 2957 - 650, 705 -
8 1475 - 1620 635 1353 1484/2858, 2925 - 645,715 -
9 1577 - 1489 708 1378 1479/2841, 2954 - 652,709 -
10 1488 - 1535 701 1346 1471/2862,2942 2850 - -
11 1584 - 1544 658 1367 1476/2849, 2965 - - -
12 1489 - 1470 699 1349 1476/2846, 2931 2852 - -
13 1543 - 1587 657 1359 1456/2856, 2948 2851 - -
14 1494 - 1562 711 1328 1466/2848, 2954 2850 - -
15 1562 - 1573 684 1336 1478/2856, 2949 2850 - 1200/710, 1100
16 1533 - 1581 693 1356 1458/2865, 2931 2850 - 1202/712,1104
17 1567 - 1577 654 1387 1475/2846, 2943 - - -
18 1485 - 1605 630 1366 1481/2845, 2930 - - -
19 1634 - 1598 678 1363 1471/2855, 2939 - - -

(6%) | 'uma ‘gl 1 —'GL0Z — "INIX JoHhM1lgaNnewded el JoHhIHe1do LreHdAYK
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Table 3
The protons signals of 2-((5-(phenoxymethyl)-4-R-1,2,4-triazole-3-yl)thio)ethan-1-ols and their derivatives
No. of compunds S, ppm, TMS
4, 3.69-5.14 (2H, m, CH,), 5.08 (1H, ¢, OH), 6.97-7.29 (5H, m, C,;H.), 12.59 (1H, ¢, NH)

1.32 (3H, m, CH,), 3.70-5.35 (2H, m, CH,), 5.06 (1H, ¢, OH), 6.95-7.37 (5H, m, C,H.)

3.71-5.32 (2H, m, CH,), 5.03 (1H, ¢, OH), 6.97-7.65 (5H, m, C,H.)

1.13 (3H, m, CH,), 2.69-4.95 (2H, m, CH,), 5.08 (1H, ¢, OH), 6.94-7.32 (5H, m, C,H.), 9.33 (1H, ¢, NH)

5
6
7 3.23-5.19 (2H, m, CH,), 6.91-7,33 (5H, m, C,H,), 12.94 (1H, ¢, NH)
8
9

2.75-4.95 (2H, m, CH,), 6.4-7.34 (5H, m, C,H,), 9.15 (1H, ¢, NH)

10 3.72-3.84 (3H, m, CH,), 3.81-5.36 (2H, m, CH,), 6.96-7.61 (5H, m, C,H.), 12.94 (TH, ¢, NH)
11 3.82-5.37 (2H, m, CH,), 5.79 (2H, ¢, NH,), 6.94-8.29 (5H, m, CH,)

12 3.77-5.36 (2H, m, CH,), 3.84 (3H, m, CH,), 6.95-7.98 (5H, m, C_H;), 12.95 (1H, ¢, NH)

13 3.75-5.33 (2H, m, CH,), 6.92-7.99 (5H, m, C,H,), 12.96 (TH, ¢, NH)

4 3.80-5.31 (2H, m, CH,), 3.84 (3H, m, CH,), 6.95-8.08 (5H, m, C_H;), 12.90 (1H, ¢, NH)

15 3.74-5.30 (2H, m, CH,), 3.93 (3H, ¢, CH,), 5.60-7.58 (5H, m, CH,)

16 1.32-3.89 (3H, m, CH.), 3.75-5.36 (2H, m, CH,), 5.63-7.62 (5H, m, C,H,)

17 1.33-3.94 (3H, m, CH,), 3.75-5.32 (2H, m, CH,), 5.62-7.64 (5H, m, C,H,)

18 1.33 (3H, m, CH,), 3.81-5.30 (2H, m, CH,), 6.94-7.65 (5H, m, CH,)

19 3.80-5.12 (2H, m, CH,), 6.93-7.64 (5H, m, C;H,), 11.15 (1H, ¢, NH)

ning the parameters of acute toxicity and biological
activity is in progress.

Experimental Part

2-((5-(phenoxymethyl)-4-R-1,2,4-triazole-3-yl)thio)
ethan-1-ols (4-6).

General procedure: To the mixture of 5-(phenoxy-
methyl)-4-R-1,2,4-triazole-3-thiones (0.01 mol) in
methanol (30 ml) and the aqueous solution of NaOH
(0.01 mol) add 2-chloroethanol (0.01 mol). Boil the
reaction mixture for 2 h and then cool. Filter the pre-
cipitate and distill the solvent of the filtrate. Purify the
compounds obtained 4-6 with 15 ml of diethyl ether.
They are white crystalline substances, which are in-
soluble in water and soluble in organic solvents.

5-(phenoxymethyl)-4-R-3-(2-chloroethylthio)-1,2,4-
triazoles (7-9).

General procedure: Boil the reaction mixture of
2-((5-(Phenoxymethyl)-4-R-1,2,4-triazole-3-yl)thio)
ethan-1-ols (0.01 mol) and thionyl chloride (40 ml)
for 2 h with further distillation of SOCI, excess. The
compounds obtained are brown amorphous hygro-
scopic substances, which are insoluble in water and
soluble in organic solvents.

References

5-(2-(5-phenoxymethyl)-4-R-1,2,4-triazole-3-ylthio)
ethylthio)-3-R,-1,2,4-triazoles (10-19).

General procedure: To the mixture of 5-(phen-
oxymethyl)-4-R-3-(2-chloroethylthio)-1,2,4-triazoles
(0.01 mol) in DMF (30 ml) add sodium salts of 5-R;-
4-R,-1,2,4-triazole-3-thiones (0.01 mol). Boil the reac-
tion mixture for 2 h and then cool. Filter the preci-
pitate and evaporate the solvent. Purify the compounds
synthesized by recrystallization in the mixture of DMF:
water (1:2). Compounds are light yellow (15-16) or
light brown (10-14, 17-19) crystalline substances,
which are insoluble in water and soluble in organic
solvents.

Conclusions

1. The effective synthetic methods of 2-((5-(phen-
oxymethyl)-4-R-1,2,4-triazole-3-yl)thio)ethan-1-ols
and their derivatives have been developed.

2. The structure of the compounds obtained has
been confirmed with a set of modern physical and
chemical methods of analysis, and their individuality
has been proven by HPLC MS.

3. The study of acute toxicity and biological ac-
tivities of the compounds obtained is continued.
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AHTUMIKPOBHA TA ITIPOTHUBIPYCHA AKTUBHICTb
KAJIIKCAPEHIB

P.B.Poxik

[HcTUTYT OpranivyHoi xiMii HAH Ykpainu
02660, M. KuiB, Bys1. MypMaHchKa, 5. E-mail: manli@ioch.kiev.ua

Katouosi caosa: kanikcapeHu; 6akmepuyudHa akmugHIiCms, NpOmMueipycHa akmugHicmb;
¢yHziyudHa Jis; npomumybepKy/n1b03Ha AaKMUBHICMb

KanikcapeHu — ue nepcriekmugHuUl Kriac MakpOUUKITIYHUX CIOMyK, KUl WUPOKO 8UKOpUCMO8yembCs y Ou3saliHi
bionoeiyHo akmusHuUx pe4osuH. Ceped KarikcapeHie € crionyKu 3 aHmumpomMbomuYHOK ma rnpomunyxiuHHOK
Oieto, 6riokamopu aHiOHHUX KaHarlie ma MoOynsimopu KamioOHHUX rOMI, CenieKmusHi iHaibimopu gpepmeHmie ma
crionyku, wo moderorome ix dito. B ocmaHHi poku iHmeHcusHo 0ocrioxyembcsi aHmuMikpobHa ma npomusipycHa
aKkmusHicmb KarsikcapeHrie. B daHomy oenisidi cucmemamu3osaHi daHi no 6akmepuyudHil, gyHeiyudHitl, npomu-
my6epKynbo3Hili ma npomuesipycHili akmusHocmi ModugikosaHUX KarikcapeHis. HasedeHi daHi npo mexaHiamu
Oil pisHUX muriie KasikcapeHie Ha 6i006°’ekmu. BcmaHo8rneHo, o 0CHO80K aHMUMIKPObHOI Oif 6inbwocmi kari-
KcapeHig € 83aemMo0Qisi 3 KOMIOHEHMaMu 308HiWHBLOI MembpaHu abo KimuHHOI cmiHKu. ®yHKUioOHanizauisi kasi-
KcapeHo8oi nnamgopmu ¢hapmakoOpHUMU 2pyrnamu, SKi YUHSIMb aHMUMIKpObHY Oito, He 3aexou npu3eodums
00 36inbLWeHHs ovikysaHoi akmusHocmi. Halibinswy aHmubakmepiarnbHy Oit0 Maromb MornikamioHHi KarikcapeHu,
8 moli Yyac 5K rnosiaHIOHHI MakpoUUKIU iH2ibyromb akmueHicmb 8ipycie. KanikcapeHu, ModugbikosaHi yukoner-
mudHUMU ¢hpazaMeHmamu, € ceriekmusHuUMU briokamopamu 8aXugux arnikornpomeiHie knimuH 6akmepit. BoHu €
MiMemukamu 8aHKOMIUUHY 3a MexaHiamom Oif ma pisHem 6akmepuyudHoi akmusHocmi. HeioHHUU 8000pO34UH-
HuUl KanikcapeH 3 rnoniemuneHarnikonbHUMU 2pyrnamu Mae yHikanbHUl MexaHiam npomumy6epKynbo3Hoi Oil. BiH
npueHiyye picm M. tuberculosis ecepeduHi knimuH-makpoghazie noduHu. HasedeHi ximiomepanesmuyHi iHOekcu
docnidxysaHux crioflyk cmaHoensame binbwe 0ecsamu 00UHUUb, WO C8I04UMb MPO iX HU3LKY YUMOMOKCUYHICMb.

THE ANTIMICROBIAL AND ANTIVIRAL ACTIVITY OF CALIXARENES

R.V.Rodik

Key words: calixarene; bactericidal activity; antiviral activity; fungicidal activity; antituberculosis activity
Calixarenes is a promising class of macrocyclic compounds, which are widely used in the design of biologically
active substances. Among calixarenes there are anion channel blockers and modulators of cationic pumps, selec-
tive enzyme inhibitors and compounds simulating their action, substances with the antithrombotic and antitumour
effect. The antimicrobial and antiviral activities of modified calixarenes have been intensively studied in recent
years. The results on bactericidal, fungicidal, antituberculosis, as well as antiviral activity of calixarenes have been
systematized and analyzed in this review. The data about the mechanisms of action of different types of calixarenes
on biological objects are presented. It has been found that the basis of the antimicrobial action of many calixarenes
is the interaction with the components of the outer membrane or cell wall. Moreover, functionalization of the calix-
arene platform with pharmacophoric groups possessing the antimicrobial activity does not always lead to increase
in the expected activity. Polycationic calixarenes show the highest antibacterial action, while polyanionic macro-
cycles inhibit the activity of viruses. Calixarenes modified with cyclopeptide fragments are selective binders and
blockers of important bacterial cell glycoproteins. They are mimetics of vancomycin by their mechanism of action
and the level of the bactericidal activity. The water soluble calixarene with polyethylene glycol groups has a unique
mechanism of the antituberculosis action. It inhibits the growth of M. tuberculosis inside human macrophage cells.
The chemotherapeutic indexes of the compounds studied are more than ten units, indicating their low cytotoxicity.

NMPOTUBOMUWKPOBHAS U MPOTUBOBUPYCHASI AKTUBHOCTb KAJTUKCAPEHOB

P.B.Poduk

Knroueenie cnosa: kanukcapeHbl; bakmepuyudHasi akmueHOCMb,; MPOMUBO8UPYCHass akmueHOCMb; (hyHau-
yudHoe Oelicmeue; npomugomybepKynésHasi akmueHoOCMb

KanukcapeHbl — amo nepcrnekmueHbIl Knacc MakpOUUKIUYeCcKUX coeOuUHeHUU, KomopbIl WUPOKO UCMOoMb3yemcsi
8 Ou3saliHe buoroaudecku akmusHbix seujecms. Cpedu KarukcapeHo8 ecmb COeOUHEHUST ¢ aHmumpoMbomuy4yeckum
U ripomueooriyxoriesbiM delticmeueM, 6r10Kkamopb! aHUOHHbIX KaHaros U MoOyNsimophbl KaMUOHHBIX HAcoCco8, CEerlek-
mueHble uHaubumops! chepmeHmos u coeduHeHus1, Modenupyroujue ux deticmeue. B nocredHue 200bl UHMEHCUBHO
uccriedyemcsi ux npomueoMUKpObHasi U npomugosupycHasi akmusHocmb. B daHHoM 063ope cucmemamu3uposaHsb!
OaHHble o bakmepuyudHol, ¢hyHauyudHou, npomusomybepKynesHol U npomueosupycHol akmusHocmu Mooughu-
UUpOoBaHHbIX KarukcapeHos. [MpusedeHb! 0aHHbIe O MexaHu3Max delicmeust pasuYyHbIX MUros KaruKcapeHos Ha buo-
06beKMbI. YermaHoe&r1eHo, 4mo 8 0OCHO8E MPpOMUBOMUKPOBHO20 delicmausi bonbUIUHCMEa KarluKcapeHo8 Nexum e3a-
umodelicmeue ¢ KOMIOHeHMamu 8HelHel MembpaHb! Unu KItemoYyHoU cmeHKU. Bmecme ¢ mem, ¢byHKUUOHau3auust
KanukcapeHogoU riamaopMbl ghapMakoghopHbIMU 2pyrinamu, obriadarowumu rMpomuUBoOMUKPObHLIM delicmeueM, He
8cez0a rpusoduUM K yserudeHuto oxudaemol akmusHocmu. Haubonbwee aHmubakmepuarbsHoe delicmaue umMeom
MONUKaMUOHHbIE KasluKcapeHbl, 8 MO 8PeMsi Kak MofuaHUOHHbBIE MaKPOUUKITbI UHaUBUPYHOM akmueHOCMb 8UPYCOS.
KarnukcapeHbl, ModuguyuposaHHbIe LUKIoNenmUOHbIMU ¢hpaeMeHmamu, SI8Msmcesi ceriekmueHbIMu briokamopamu
8aXHbIX 2TUKOMPOMeuUHos Kriemok bakmeputi. OHU A8/IsItoMcsi MuMemuKaMu 8aHKOMUUUHA 110 MexaHu3My U ypos-
Hio0 GakmepuyudHol akmuesHocmu. Bodopacmeopumbill KarnuKcapeH ¢ NomusMUneHauKobHbIMU 2pyrnamu umeem
YHUKarbHbIU MexaHu3m rpomugomybepkynésHoeo deticmausi. OH nodaernisiem pocm M. tuberculosis 6Hympu Kremok-
Mmakpoghazos yernoseka. [pusedeHbl Xumuomeparnesmuyeckue UHOeKChI uccriedyembix coeOUHEeHUU, Komopable Co-
cmaensirom 6ornee Oecsimu eOUHUY, Mo ceudemeribcmgyem 06 ux HU3KOU YUMmOIMOKCU4YHOCMU.
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[lomyk HOBUX aHTUMIKpOOHUX Ipenaparis, oye-
BHU/IHO, HIKOJIM He BTPAaTUTh aKTyaJbHOCTI. Yepe3s
IIBU/JKWH PO3BUTOK MeXaHi3MiB CTIMKOCTI Ta ix Ie-
pefadyy M MiKpoopraHiaMaMu Ljijii Tpyny aHTH-
MiKpOOHMX IpenapaTriB BTpa4yamTh ePeKTUBHICTD
0/1HA 32 O/IHOI0, TOMY Npo6JeMa iHeKIiHHUX 3a-
XBOPIOBaHb, 1110 He NiAAAThCA Tepalii, Moxe I0-
CTaTH 3 TAKOIO K TOCTPOTOI0, K i B mepioj, A0 Bij-
KPUTTsI aHTUOIOTHKIB [1].

Mo>x/1MBUM BUpillleHHSIM NUTAHHS NOCTIHHOr O
MPUCTOCYBaHHS MiKpoopraHi3MiB i 0co6/1MBO 6ak-
Tepiil Morsio 6 6YTH BBeJIEeHHS Y MPAKTUKY BCe HO-
BUX i HOBUX aHTH6ioTUKIB. OJlHAK B Hall 4ac CIO0-
CTepIiraeTbcd 3HUKEHHA KIJIbKOCTI JIilleH3yBaHHA
HOBHX IpemnapariB y Li#l raaysi: Tak, 3a OCTaHHi [Jie-
CATUPIYYA Y KIIHIYHY IPAKTUKY BBEJI€HO JIMIe /1Ba
HOBUX KJIaCU aHTHUOI0THKIB (0KCa30JIiIMHOHY Ta JIi-
nonentuau) [2]. ToMmy Bce akTUBHillle BeIeThCs MMO-
HIYK Npenaparis, sKi 6 BifimoBijasiyu aHTUOiOTUKAM
3a ebeKTHUBHICTIO [Iii, 1pOTe He BUKJIMKAIU CTiHKO-
cTi y MikpoopraHi3Mis. /lo Takux npenaparis Ta 3a-
co06iB BilHOCATH GakTepiodaru, pepMeHTH, 1110 BU-
KJIMKAIOTh J1i3UC, aHTUMIKPOOHI MeNTUAY BULIUX Op-
raHi3MiB, a TaKOX MPUPO/IHI CMIOJIYKHU 3 aHTUMIiKPOO-
HOIO JIi€10 Ta IX CMHTeTU4Hi aHasory [3, 4]. OHak ro-
JIOBHOIO IP06JIeMOI0 MOIIYKY HOBUX PEYOBUH NPH-
POAHOIO MOXOKEHHH 4acTO € HEPIBHOILiHHE CITiB-
Bi/IHOLIIEHHA 3aTPa4yeHOro Ha CKPUHIHT 4acy Ta OTpHU-
MaHUX pe3yJIbTaTiB.

[HIIKMM CyYacHHUM MEeTO/IOM CTBOpPEHHS 6ioJioriy-
HO aKTUBHUX CIIOJIYK € MOJIEKYJIIDHUMN AW3alH Ha
OCHOBI CTPYKTypHU MilleHi [4, 5]. Takoi MileHHI0 B
IIMPOKOMY CEHCi MOXKe OYTH MO3aKJITUHHUHN, MEM-
6paHo3B’s13aHUN 260 BHYTPIIIHbOKJIITUHHUM GiJIOK
YU MEeNnTU/, pifiliie He6iIKOBI MoJieKyU (BYT/IEBO/Y,
Jiniu, HyKJeiHOBI KUCa0TH) abo IX cynpaMoJieKy-
JIAPHI KOMILJIEKCH. fIKI10 po3rig4aTy caMe aHTUMIK-
POGHY aKTHBHICTb, TO TAKUMHU MillleHIMH 3a3BUYaH
€ KOMIIOHEHTH 30BHIIIHbOI MeMOpaHU ab0 KJIITUH-
HOI CTiHKM 6aKTepiH, npocTilrx a6o rpubiB Ta Karm-
cup abo sinigHa 060JI0HKa BipyciB. Hai6isbm mo-
IIUPEHUH MeXaHi3M Jii aHTHUOIOTHKIB MPHUPOJAHOTO
NOXO/P)KeHHS CIPSIMOBAHU M Ha OPYLLIEHHS CUHTE3Y
KJIITUHHOI CTIHKH 260 NOpyLIeHHs L[iJliCHOCTi LIUTO-
IJIa3MaTU4YHOI MeMOPaHH, 1[0 BeJle A0 NOPYLUIeHHS
MeMOpaHHOr0 MOTeHIialy KJAITHH MiKpoOopraHismy.
ToMy mpu cTBOpeHHI HOBUX BUCOKOeEKTUBHUX OaK-
TepUIUAHUX, QYHTILUHUX Ta TPOTHUBIPYCHUX CIO-
JIyK 6yJi0 6 AOIiJIbHUM MOJEJIOBAaHHS IPUPOJHUX
MexaHi3MiB 3 BUKOPUCTAHHSM y IKOCTi MillleHi 6ak-
TepiaJbHOI CTIHKY, 30BHILIHBOI MeMOpPaHHU KJIITHH
a60 060JI0HKH BipyciB.

[loTeH1iltHO epEKTUBHUMH aHTUMIKPOOHUMM ITpe-
napaTaMu po3IIsAAAIThCA MaKPOLUUKIIU. MaKpoLUK-
JIIYHUM MOJIeKyJIaM IPUTaMaHHa neBHa KOH$opMa-
LiliHa opraHi3aliisi, Ky iHo/i HOPiBHIOIOTB 3 JIOMEH-
HOI0 OpraHisalli€o 6i0/JI0TiYHUX MaKPOMOJIEKYJI, sIKa
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JI03BOJISIE IOCATTH JI0OCTAaTHBOTO PiBHSA crienuivyHoO-
cTi B3aeMo/ii 3 6iomiieHsamu [6]. PazoM 3 TuM, Mak-
POLIMKJIIYHI CIOJIYKH Bij3HA4YaOThCA THYYKICTIO Ta
pisHOMaiTTsIM KOHPOPMALIHHUX TEPEXO/IB, 1[0 € HA/I-
3BUYAWHO BaXKJIMBUM /1JIs1 6i0XiMIiYHHX B3aEMO/iH.
OpHi€r0 3 NepClIeKTUBHUX IPYTI MAKPOLIMKIIIYHUX CII0-
JIVK, 1[0 BUKOPUCTOBYIOTbCS ¥ MOJIEKYJIIDHOMY [IU-
3aiiHi aHTUMIKpPOOHUX areHTiB, € Kajikc[n]apenu. Ka-
JliKC[n]apeHHU - Lie MaKpOLUKJIIYHi CIIOJTYKH, SIKi OTpH-
MYIOTb NpelU3iiHOI0 IIUKJI0KOHAeHC Calli€lo n-3aMi-
eHux GpeHoJliB Ta opMmanbieriay [7]. 3aBAsku Ha-
SIBHOCTi BUCOKOOpTaHi30BaHOi JiinodibHOI mopox-
HUHH, YTBOPEHOI 6eH30/IbHUMH KiJbLAMH, MOAUI-
KOBaHIi KaJlikcapeHM 3/jaTHi po3Ii3HaBaTH, 3B’s13yBa-
TH Y CTiHKi KOMILJIEKCU Ta PO3/iIATH 6JIM3bKi 32 BJ1a-
CTUBOCTSIMU KaTiOHU, aHIOHU Ta HEUTpaJIbHI MoJie-
Kysu [8, 9]. Ha TenepiniHii yac onucaHo Ta 3ana-
TEHTOBAHO BUKOPHUCTAHHA KaJliKCapeHiB fIK CIIOJNYK
3 6aKTepULU/HOI0, IPOTUBIPYCHOIO Ta QYHTILU -
Hoto aiero [10-12].

1. bBakTepuunaHa aKTUBHICTb

BakTepuuuHa aist cosei cpibJsa mMpokKo Bifo-
Ma. ToMmy 6y/10 CHHTe30BaHO Ta A0C/Ii/pKeHO MeTa-
JIOKOMIIJIEKCH KaJliKCpe3opLyHapeH-KpayH-eTepy 1
3 Ag(I). Taki koMIJIEKCH Y BUTJIA/II TIJIIBOK, OTPUMa-
HUX N0 TexHoJsoTil JleHrMiop-baomxeT, iHTiOYIOTH
pict kaiTuH E. coli npu koHTakTHIN Aii [13]. Y BU-
Ma/IKy 3aCTOCYBAHHA KOMIIJIEKCIB KaJliKCapeHiB picT
ckJiaB Jjiviue 7% BiJi KOHTPOJIIO, B TOU Yac K OKpe-
MO KaJslikcapeH a60 eKBiMOJIIpHUN PO34YMH HiTpaTy
cpi6Jia 3MeHIIyBaB picT 10 72-85% BiJHOCHO KOHT-
poJito (cxema 1).

KasnikcapeHoBi MiMeTHKH BaHKOMillMHY 2a,06 B
SKUX KaJlikcapeHoBa myiaTdopma GyHKI[ioHaIi30Ba-
Ha NeNTHUHUM MICTKOM, 10 MicTUTb D-, abo L-ana-
HIJIbHI 3a/IMLIKK NPOSIBUJIM 3HAYHY aHTHOaKTepiasib-
HY aKTUBHIcTb [14, 15] (cxema 2).

BakTepuy/iHa aKkTUBHICTb IPOTH IPaMIO3UTUB-
HUX GaKTepill KaJslikcapeHiB 2 KOJIMBA€EThLCS Bij ce-
peHiX 10 BUCOKMX 3HaUYeHb, X04a MeHI11a 3a BAaHKO-
MiuuH (TabJ. 1). KanikcapeHu 2 nofji6HO BaHKOMi-

(o ()
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Cxema 1
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Cxema 2

Ta6bnuuya 1

In vitro akKTUBHICTb NeNTUAOKaNiKcapeHis 2a,6
Ta BaHKOMILMHY NPOTY AeAKNX FPaMNO3UTUBHUX

GaKkTepin
MiHimanbHa iHribytoua KOHLIeHTpaLlis,
Bug (MIK), mr/n

BaHKOMILWH 2a 26
S. aureus 663 2 8 8
S.aureus 853 2 16 8
S.aureus 1131 2 4 4
S. epidermidis 2 4 8
B. cereus 2 16 HAO

S. aureus 663 — neHiuuniH-YyTNUBWIA WTam, S. aureus 853 —
neHiuuniH-cTikui wram, S. aureus 11371 — METULIMNIH-CTIKWIA LUTaM,
H — He gocnigxysanock.

[MHY € HEAKTUBHUMU 110 BiZHOILIIEHHIO 710 TPUGIB Ta
ApixmxiB. KpiM Toro, BOHM TakoX He MPOABJIAITh
aKTHUBHOCTI J10 6aKTepiH, sIKi HEe NPOJAYKYIOTb KJIi-
TUHHY CTiHKY, HanpukJaz, Acholeplasma laidlawii.
Ile cBiTYUTB PO Te, 1110 MOJIEKYJ/ISIpHA MillleHb 2 6epe
y4acTb y GopMyBaHHI KJAITUHHOI cTiHKU. Kasikcape-
HU 2 5K | BAHKOMIUH He € KJIITUHHUMH TOKCUHA-
MM, IX aKTUBHICTb HallpaBJieHa TiJIbKY NPOTH I1eB-
HUX 6aKTepiaJbHUX NPOTEIHIB.

JocniikeHHS1 3 BUKOPUCTAHHAM JUPY3HUX BU-
MiproBaHb IMP cBig4uTh Npo Te, 1110 aHTUGIOTHY-
Ha aKTUBHICTb 2 € HACJIiJIKOM 3B’sI3yBaHHS [[UMU Ka-
JIIKCapeHaMH [Jlia/IaHIJIbHOI0 3aJIMLIKY POTEIHy-TIpe-
Kypcopy KJIITUHHOI cTiHKM 6akTepiil. Po3paxoBaHne
3 fIMP exkcniepumeHTiB 3HayeHHs log K, y po34uHi
CDCl,, mo mictuB 3% DMSO-d6 auia komiiekcy 26 3
N-auertuna-L-ana-L-anaHiHoMm, cknagae 3,4 [16, 17].
[Ipupona 1yux B3a€EMO/IiHl € CK/IaIHOI0, OCKIJIbKU JlaHi
KaJliKcapeHU MiCTATb 6araTo QyHKIiOHAJbHUX Pyl
pisHoro Tumy. BiporiiHo MaloTh Micle eJleKTpoCTa-
TuyHi, CH-T, rifpodo6Hi Ta AuNOABL-AUNIONBH] B3a-
€MOZII 1 yTBOpEHHA MIXKMOJIEKYJIAPHUX BOLAHEBUX
3B’A3KiB.

Cxema 3
Tabnuuya 2

3HayeHHA MIK ana KanikcapeHy 3 Ta cCnonyku
MOPIBHAHHA — HaNIANKCOBOI KNCIOTU

. HanigukcoBa
Crionyka KanikcapeH 3 KUCHoTa
MMonb/n|mr/n (MMonb/n| mr/n
E. coli ATCC 25922 25 35 100 23
S. aureus ATCC 25923 50 70 200 46
S. aureus ATCC 29213 50 70 200 46
E. faecalis ATCC 29212 100 140 | 200 46
P. aeruginosa ATCC 27853 100 140 | 200 46

Kasnikcapenu, moaudikoBasi BijoMmumu dpapma-
KOQOPHUMU rpyNaMu 3 6aKTEPULUHOI0 aKTUBHI-
CTI0, TAKOXX BUSIBJISIIOTh aHTUGaKTepiaibHy Jito. [Ipu-
KJIaJIOM € BOJIOPO3YMHHUI KOH'IOTaT KasiKcapeHy
3 HaJiAMKCOBOW KucyaoTot 3 [18], sika € BizoMum
AHTUMIKPOOHUM areHTOM XiHOJIOHOBOIO psiay. B ma-
HOMY BUIIaJIKy OaKTepULU/IHY aKTUBHICTb TaKUX Ka-
JIiIKCapeHiB aBTOPH NOB’AA3YI0OTb He 3 KOONlepaTHB-
Holo Jieto papmMakodOpHOI rpynu Ta MaKPOLUKIIiu-
HOTO KICTSIKY, a 3 JOCTAaBKOI0 aKTUBHOI CIIOJIYKH B
KJIITUHU [0 Micuga fil. KasikcapeH BUCTynae sk ne-
peHocYuK, depMeHTHU 6aKkTepil rifjposi3yoTh ecTep-
HUU 3B’s130K Ta BUBIIBbHAIOTH papMakodopHi Hai-
JHAKCOBI 3aJIMIIKH.

JlaHuii kaslikcapeH MposiBUB OMipHY aHTHOAKTe-
pia/iIbHYy aKTUBHICTb, pe3yJIbTaTH HaBeZeHi y TabJ1. 2
(cxeMma 3).

Ak BUJHO 3 AaHUX Ta6J1. 2, y BArOBOMY BUpaXKeH-
Hi KaJliKcapeH Ma€ MeHINYy aKTUBHICTb, Hi>XXK HaJIiAu-
KCOBA KHCJIOTA. AJle aHali3 Jil0YMX MOJIAPHUX KOH-
LleHTpalliil BKa3ye Ha 2-4-U KpaTHY llepeBary KaJi-
KcapeHy 3. ABTOpH NPUIIyCKAIOTh, 1110 HOTO0 Ais K
NepeHOoCYHKa IIUM He 0OMEeXYEThCS, i KpiM TOro ic-
HY€ KooTlepaTUBHUM epeKT amiHOKaTiKcapeHy (Ipo-
AYKTY rigpoJisy 3) Ta HaniMKkcoBoi KUCA0TH. AB-
TOPHU TAK0XK CUHTE3yBaJIU pPAJ Ka/liKCapeHiB, MO -
¢dikoBaHUX 2-Ma XiHOJIOHOBUMH 260 MeHILUIIHOBU-
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MU ¢pparmMeHTaMu [19-21], asie 6aKTepUIIMAHA aK-
THUBHICTb JJaHUX CHOJIYK ONMcaHa He 6ysa. PazoM 3
TUM, KaJlikcapeH 4, MoZdiKOBaHUN OJHUM XiHOJIO-
HOBHUM Ta OJIHUM IeHIiLUJIiHOBUM GparMeHTOM, 1o-
Ka3aB JlesKy aKTHUBHICTb [22] (cxeMa 4).

3a JaHMMU aBTOPIB iCTOTHI 6aKTepUIUHI BJIa-
CTUBOCTI KaJliKcapeH 4 NposBUB TIJILKY NIPOTHU LITa-
My 30J10THcTOrO cTadisokoka S. aureus ATCC 25923,
aJie KiJIbKiCHI /1JaHi HaBeieHi He OyJIH.

['ekcaHaTpieBa CisIb KaJliKCapeH-TeTPaoL TOBOI KHC-
JIOTH 5 3 6iCTia30/1i/IbHUMU rPyIaMy TaKOX MMPOsSIBU-
Jla HEBUCOKY aKTUBHICTb IIPOTH OJHOTO 3i LITaMiB
30J10THCTOrO cTadisiokoka (S. aureus ATCC 25923)
3 MIK (128 mr/a). Ha inwi Tect-kynbtypu (E. coli
ATCC 25922, S. aureus ATCC 29213, E. faecalis ATCC
29212 ta P. aeruginosa ATCC 27853) BoHa He BIJIU-
BaJsia [23] (cxema 5).

Cuaipg BiA3HAYUTH, W10 BUXIJHI KaJliKCapeH-TeT-
pPaouTOBi KUCJIOTU IPOABJAIOThL 3HA4YHY aHTUBIpYyC-
HY aKTUBHICTb.

Bimomo, 110 Taki aHTHOAKTEepiasbHI IpenapaTu
SIK €KaMeTOKCHUH, eTOHI! € IBO3apsiIHUMU KaTiOH-
HUMU CIIOJIYKaMH, IKi epeKTUBHO B3aEMO/IIOTh 3
MeMOpaHaMH OaKTepii Ta MopymyoTh iX GyHKIi0-
HyBaHHS, 1110 BUKJIMKA€E 3arubesib KJAITUH. LliakoM
JIOTi4HO, 1110 KasikcapeHH MoAXWiKOBaHI MO3UTUB-
HO 3apA»KeHUMHU I'pyliaMHU i IHTEHCUBHO LOC/iLXKY-
BaJIMCh B IKOCTi 6GaKTEPULIUIHUX coNyK. OJHUM 3

NaOOC

Cxema 5
70

nepiuux 6yso A0CaiKeHO BOLOPO3UMHHUN TeTpa-
ryaHijUHOKaJikcapeH, IPOTOHOBAaHUH TpUPTOpO-
OLITOBOIO KHCJIOTOIO 6 [24-27] (cxeMma 6).

B 1aHOMy BUMaAKy KAaTIOHHUIN LIEHTP € MJIOCKUM,
TOMY 1110 LleHTPaJbHUU aTOM BYIJIEL}0 IYaHiAUHO-
Boro ¢pparMeHTy Mae Sp2-ri6puu3aiiiro, i Taka Koro
Oy/0Ba CIIPUsIE YTBOPEHHIO BOJAHEBUX 3B’s13KiB 3 dpoc-
$baTHHUMU 3a/JUIIKAaMU IJTiIKONPOTeiHiB MeMOpPaHU.

BakTepu/iHa aKTUBHICTb KaslikcapeHy 6 nopis-
HIOBaJIaCh 3 FeKCaMiJIUHOM, aHTUCENTTUKOM 3 JIBOMa
aMiIMUHOBUMM TpynamMHu, Ta 6icryaHiiuHOM, CUHTA-
JiHoM A [28], 3HaueHHs MiHiMa/IbHUX {HTiI6YIOUYUX
Ta 6akTepiocTaTUUHUX KOHLeHTpanii (MBK) akux
HaBeJleHi y TabJ. 3.

fAx BuaHO 3 TabJ1. 3, ryaHiIMHOKaJIiKCapeH 6 Ta aH-
THUCENTHUK reKCaMiJInH MaloThb 6JIM3bKY aKTUBHICTb.
[IpoTe NOpPiBHAHHA LUTOTOKCUYHOCTI LIUX CHOJIYK
0/IHO3HAYHO BKa3y€ Ha NepeBary KaJikcapeny. k1o
Jl1d rekcamifnny cniBBigHomeHHA [C, (k1iTHHHI JTiHIT
HaCat ta MRC5) no MIK Ha jlaHUX Ky/IbTYpax € B MeXKax
BiZ 1 10 37, To6TO MiHiMasibHA iHTi6yI04a KOHI|EHTpa-
1is1 /1711 6aKTepil He HabaraTo HUXK4Ye 3a KOHLEHTpa-
LIi}0, 1110 BUKJIMKAE 3arubesb 50% KJIITHH, TO AJs Ka-
JlikcapeHy 6 faHe CHiBBiJ{HOIIEHHS € B Mexax 12-135,
TOOTO BiH BOJIO/Ii€ 3HAYHO MEHILIOI TOKCUUHICTIO [29].

KasikcapeHn 7, moaudikoBaHHUN YoTUpPMa MOD-
¢$osiHOBUMHU TpynaMy, ¥ BOJHUX PO3YHUHAX € MO3U-
THUBHO-3aps/PKeHUM 33 PaXyHOK aBTONPOTOHYBaH-
HA a30TY JO0CTAaTHbO KUCJIUMHU TiIpOKCUJIBHUMU IPY-
namu [30]. Moro 6ys0 focuipkeHo Ha pAfi ITaMiB
IrpaMIO3UTHUBHUX Ta TPaMHeraTUBHUX 6aKTepill Ta
Harpubax [31]. bBakTepunyiHa aKTUBHICTb 5 € 3Ha4-
Hoto: MIK B fiana3oHi 4-16 Mr/J1 /1 rpaMIO3UTHUB-
HUX TecT-KyJabTyp (poau Staphylococcus, Streptococ-
cus ta Bacillus) Ta 4-8 Mr/J1 /1 rpaMHeraTUBHUX
6akTepiit (Enterobacter, Escherichia, Klensiella, Sal-
monella) (cxema 7).

ABTopH [32] mpoBesu JOC/iKEHHS B3aEMO3B 513~
KiB Mik 6y/10BOIO Ta 6AKTEPUIIM/HOIO Ji€0 PSAAY Ka-
TiOHHUX Kasikc[4]apeHiB. TeTpanponokcukasikcape-
HU 8-10 nposiBUJIM 3HAaYHY aHTHOAKTepia/JbHY aK-
THUBHICTB (Tab6J1. 4), a IX TeTPAOKTUJIbHI aHAJIOTH, SKi
YTBOPIOIOTH MilleJIN Y BOJHUX PO3UUHAX, BUSBUJIMCh

4 CF,COOH

/
OHQOH OH OH

Cxema 6
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Ta6bnuuya 3
MIK ta MBK (mr/n) gna TeTparyaHignHokanikcapeHy 6 Ta CronyK nopiBHAHHA
KanikcapeH 6 lekcamignH CuHTanin A
Cnonyka
MIK MBK MIK MBK MIK MBK
MysenHi wramm
E. coli ATCC 25922 4 256 8 256 64 256
S. aureus ATCC 25923 8 256 4 128 64 >512
S. aureus ATCC 29213 8 256 <1 128 16 >512
E. faecalis ATCC 29212 32 >256 2 128 256 >512
P. aeruginosa ATCC 27853 32 256 32 >512 128 >512
KniHivHi wtamm
E. coli (npopyKye neHiuuniHasy) 2 256 8 64 64 >512
S. aureus (MeTULUNIH-CTINKNI) 8 256 2 64 64 64
E. faecium (iHaKTUBYE BaHKOMILVH) 8 128 2 64 256 >512
E. faecalis (iHaKTBY€E BaHKOMIL1H) 64 256 4 256 >256 >512
P. aeruginosa (HagBUCOKa aKTUBHICTb 64 5256 64 5512 256 5512
epnoKCHUX nomn)
Ta6bnuua 4
3HaueHHA MIK gna kanikcapeHis 8-10, mr/n (MKM)
Chonvka S. aureus P.aeruginosa K. pneumoniae E. coli
y ATCC 6538 ATCC 9027 ATCC 10031 ATCC 25922

8 <10 (<9) 50 (45) <10 (<9) <10(<9)

9 <10 (<9) 1000 (870) 100 (90) 100 (90)

10 <10 (<5) 50 (26) 500 (260) 500 (260)

HeaKTUBHUMU. lle y3rogKyeTbcs 3 JaHUMHU 1O GaK-
TepUIUAHIN Ail KATIOHHUX YeTBEPTHUHHUX aMOHIM-
HUX COJIel, BOHA € C/1a0KilI00 y MilleJITPHUX CIIOJIYK,
HIX Y THUX, 1110 TepeOyBalOTh Y BUIVISAAI MOJIEKYISp-
HOI'0 PO3YHMHY NP OJJHAKOBUX KOHLIEHTpanisnx [33].
Haii6inpl1y akTUBHICTb NPOsIBUB KaJlikcapeH 8,
dyHKUi0OHa/i30BaHUH METHIIIMI/Ia30/iEBUMHU IpyTia-
MHU. Lle MOACHIOETBCA TUM, 1[0 Li TPyNX MalOTh IJIOC-
Ky OyZI0BY, sIKa MOJIETLIYE iX KOONepaTUBHY B3aEMO-
Jlito 3 6aKTepia/IbHOI MeMOpaHoto (cxeMa 8).
Takoxx Oysia epeBipeHa 3/JaTHICTb KaJlikcapeHiB
8-10 iHribyBaTtu picT 6akTepiasbHUX OiomniBok. Bi-
JIOMO, 1110 KOJIOHII 6aKTepii y GopMi IJ1iIBOK € 3HAYHO
CTIMKIIIMMU 10 Ail aHTHOIOTHKIB Ta aHTHCENTUKIB. Bu-
SIBUJIOCH, 1110 KaslikcapeH 10 3aaTeH iHrioyBaTH pict
GiomiBok mpu KoHIleHTpauisx Buile 50 mr/a [32].

3arajsbHUM MeXaHi3M il KaTiOHHUX KaJsikcape-
HiB Ha rpaMHeraTUBHI 6akTepii 6y/10 AOCIiPKEHO Ha
KaJikcapeHax 11 ta 12 [34] (cxema 9).

MeTtonamu SIMP- Ta Y®-TuTpyBaHHs 6yJ/10 BCTa-
HOBJIEHO, 110 BOHY B3a€EMOZIIOTH 3 JIiNION0JIicaxapu-
JaMU 30BHIIIHbOrO 1IApy MJIa3MajJleMU rpaMHera-
THUBHUX 6akTepii. Taka B3aEMOo/1isi NpUTHIYYE Nnpo-
I[eC POCTY Ta NOAiNy GaKTepiasibHOI KJITHHHY, i Ta-
KHUM YHHOM MPOSIBJASIOTHCS 6AKTEPiOCTaTUYHUH Ta
OGaKTEPUIUAHUHN eDEKTH.

2. MpoTuTy6EepKyNIbO3HA aKTUBHICTb

Bizomo, 110 stino¢isibHiI ciupTy Ta GeHou GyHK-
11ioHasTi3oBaHi nmostiokcieTusieHoBUMHU rpynamu (I1ET-
rpynamu) BIJIMBAIOTh HA PO3BUTOK TYyGEPKYJIbO3-
Hol iHek1il BcepejvHi KJIITUH OpraHiaMy, Xxo4ya He Ji-

4CI
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8
CH OH
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CH; —NH
/ 2 2
OH OH OH OH 10 \{N—/_
7 CH,

Cxema 7

Cxema 8
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I0Th Ha caMy Mikob6akTepito. ABTopamHu [35, 36] 6ys10
3/1ilCHEHO CUHTe3 KaJlikcapeHiB, MoIdiKOBaHUX 110
HWXKHbOMY BiHII0 MakpouukJy [IE[-rpynamu pisHoi
JOB:KMHU. BUABUJIOCH, 110 JaHi KaJlikcapeHHU Mpo-
SIBJISIIOTH CUJIbHUM MIPOJIOHTOBaHUM eeKT Ha mepe-
6ir Ty6epKy/b03y, BUKJIMKAHOTO BHYTPIlIHbOOYE-
pPEeBHHHHM BBEJIeHHSIM MHULIAM MiKo6GakTepii BULY
Mycobacterium tuberculosis [37]. Tak, KaJikcapeH
13a Mae aHTUTYOEPKYJIbO3HY [Iit0, B TOM 4ac sik 136
YCKJIaJIHIOE lepebir Ty6epkyabo3y [38] (cxema 10).
JeTasbHi gocaikeHHs1 OyJiM MPOBeJieHi Ha Ye-
peBHUX MaKpodarax MulIleH »kiHo4oi cTaTi (JiHis aib-
6iHociB [lapkca), siki 06po6asnch po3unHoM 13a
a6o 136 3 KoHLeHTpali€l0 5 Mr/MJ1, a TOTiM MiKo-
6akTepisiMu M. tuberculosis. Byso nmokasaHo, 1110 picT
M. tuberculosis BcepeuHi MakpodariB 6yB nNpurHi-
YeHUU KasikcapeHoM 13a 1 HaBnaky, CTUMYJIbOBa-
HUH KasikcapeHoM 136. 3arajibHa Jlina3Ha aKTHB-
HiCTb 3MiHIOBasIach aHa/IOTigHO. llel pakT cBiqIUTH
1po Te, 110 JIiMigx Ta JiniJHUH 06MiH 6epyTh y4acTb
y npolecax, BUKJIUKaHUX KaJlikcapeHaMH B eKcIie-
pHMeHTaJbHUX TBApUH, 3apakeHUux M. tuberculosis.
Tob6To, Ma€ Miclie yHiKaJIbHUM MeXxaHi3M, B IKOMY KJIi-
TUHU iHPiKOBaHOTO Xa3s1iHa BiJlirpaloTh B&XKJIUBY POJIb
i AU € BigMiHHUM Bij [il Bcix iHIIMX JiKapCbKUX
PEYOBUH, 1[0 3aCTOCOBYIOTHCS IPOTU TYOEPKYIbO-
3y. Tak sik cTifikicTb M. tuberculosis 10 3BU4YaitHO] Te-
pamnii JikapcbKUMU 3ac06aMu 3pOCTAE, HOBI MmijIX0-
JI1 J10 JIIKYBaHHSI TY6epKYJIbO3y € aKTya/IbHUMU.
KaTioHHMI BOJOPO3YMHHNM I'YaHiIWHOKaIKCapeH
6 Ta Horo noxifHi, MogudikoBaHi 6ic-reTepoLUKIIiY-
HUMU rpynamu 14 ta 15, TakoX € CUJIbHUMHU NPO-
TUTYOEPKYJIb03HUMU areHTaMHu [39, 40]. Bonu Bu-
ABWJIM 3[JaTHICTb IPUTHIYYBaTH PiCT JBOX LITaMiB
M. tuberculosis: H,,Rv Ta cTilikoro 10 BijoMOro npoTu-

Cxema 9
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TYOGEepPKY/IbO3HOT'0 areHTa i3oHiasuy mramy MYC1565.
[IpyyoMy B 0CTaHHBOMY BUNAZKy ePeKTHUBHICTb Ka-
JikcapeHiB 6, 14 Ta 15 BuUIla, Hi>XK y KOMepLiHHUX
aHTUG6ioTUKIB (TabJ1. 5) (cxema 11).

3. NMpoTurpnbkoBa aKTUBHICTb

[IpoTUrpHOKOBY aKTUBHICTb MPOSIBJSIOTh CYJIb-
donarokanikc[n]apenu 16-19 [41]. Ix gocaimxysa-
JIV IPOTH TAKUX BU/IiB IPpUOiB-NATOreHIB KyJIBTYPHUX
pocaud: Colletotrichum dematium MAFF Ne840066,
Fusarium solani f. sp .mori MAFF N2840046 ta Ro-
sellinia necatrix MAFF Ne840051. B ymoBax fmociny
JlaHi KaJliKcapeHU NpUTHiYyBaJ/Id PiCT NaTOTeHIB Ha
60-70% (cxema 12).

13a,b

R =0O(CH,CH,0),C,Hg
a:n=125
b: n=60.0

Cxema 10
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Cxema 11
MeTuj1- Ta alaMaHTUIIIMiZIa30J1i€BI TeTpaKaTiOH-
Hi kKastikcapeHu 20-22 noka3aJiy MOMipH Hrinug-

HY aKTUBHICTb NPOTU Apix/pKoBoro rpuba Candida

MIK gna tetparyaHiguHokanikcapeHis 10-12
Ta CNOMYK NOPIBHAHHA NPOTN ABOX LUTAMIB
M. tuberculosis

tenius, ajle HU3bKY CTOCOBHO 11BiIbOBOI'0 rpuba As-
pergillus niger [42]. ABTopu BU3HAUYUJIU MiHIMaJb-
Hy QyHricTaTUUHY Ta MiHiMasibHY QYHTIIIM/HY KOH-
nenTtpanii (M®cK ta MO1K BianosigHo, Tabs. 6), ane

H,,Rv MYC1565 JJAaHUX CTOCOBHO MeXaHi3My Jiii 3anponoHOBaHO He
Cnonyka

mr/n | MKM | wmr/n | MKM 6ys10 (cxema 13).
6 10 0.8 10 0.8 CuHTe30BaHi Ta AOCJiI»KeH] KOH IoraTH KaJliKc-
” 5 '69 1,6 5 '17 0'1 apeHiB 3 YOoTHpPMa 3a/JMlIKaM¥ aMpoTepuLuHy b
’ d d d (AmbB) 23a,6 [43]. [laHi kasikcapeHU 3HAXOASThCS Y
15 1,51 08 0,75 04 KoHpopMallii KOHYC, 110 KOTMIIOE CTPYKTYpPy TpaHC-
I30Hia3ug 0,8 2,5 1,7 12,5 MeMOpaHHoOI nopu. [IpoTUrpu6bKoBa aKTUBHICTb KOH'10-
LunpodnokcaunH | 0,08 0,6 0,8 2,5 raTiB 23 € 6s113bK010 a60 BuLoto 3a AMb 3i 3Hauen-
Hamu MIK 0,1 ta 0,25 MxM BignosifHo (Ta6s. 7)

(cxema 14).
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Tabnuya 6
MokasHukn MOcK Ta MOLK KanikcapeHis 20-22,
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MIK ta EH,, 3HaueHHA ana AmMb Ta KanikcapeHis

Ta6bnuuya 7

OTPVMaHi METOOM CepPiNHNX PO3BeAeHb 23a,6
Candida tenius Aspergillus niger Cnonyka | MIKBY4741, MmkM EHj, MKM
Amb 0,30 4,0
Cnonyka ™ mpck, | MOuK, | MOK, | MOuK,
mr/n mr/n mr/n mr/n 23a 0,10 50
20 15,6 62,5 250,0 - 236 0,25 40
21 62,5 125,0 — — BY4741 — S. cerevisiae kniTuHHa niHia; EH,,: KOHUEHTpaLis, ska
22 31,2 125,0 250,0 - Buknmkae 50% Buxopy remornobiHy 3 epuTpoLMTIB NIOANHM.

Kon’toratu 23 371aTHI BUKJIMKATH BUXiJl iOHiB Ka-
JIi10 3 BE3UKYJI, 1110 CBIAYMTH Mpo GOPMYyBaHHS HUMU
KaHaJiB y MeMOpaHax BiAnoBiHOI ToBIIMHU. Taka
3/IaTHICTh BJIACTHBA i caMoMy aMOTEPUIIHY, OTKe
aBTOPU BBAXKAKOTh, 1110 CaMe IIUM MOsICHIETbCI QyH-
rinuHa fig kajikcapeHiB 23. B Toi e yac TOKCHY-
HICTBb KaJliKCcapeHiB € Ha NOPAJ0K MEHILIO, HIXK Y
amMpoTepUIUHY.

Cxema 14
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4. NMpoTuBipyCHa aKTUBHICTb

Ha TenepimHii yac B AKOCTI IPOTUBIPYCHUX 3a-
co6iB HallyacTillle BUKOPHUCTOBYIOTHCS aHAJIOrH HY-
KJieo3u/iB. Lli crio/iyKu NpUrHivyoTh perniikawio Bi-
pyciB 3aBAsiKM iHri6yBaHHIO pepMeHTIB, HEOOXiHUX
JJ1s1 03piBaHHA HYKJIeIHOBUX KHCJIOT, 260 YTBOPIO-
104X CIIOTBOPEHUH BipyCHUM FeHOM, 110 BUKJIMKAE
Jo4dacHe npunuHeHHA penikanii JIHK BipyciB. B in-
KX BUNIAJIKAaX IPOTUBIpyCcHa Tepallis 6a3yeThcs HA
6JI0KyBaHHI NIONIalaHHs BipyCiB y KJIITUHY, OpPYLIEH-
Hi CHHTe3y NpOoTeiHiB Ha pubocoMax KIAITUHU-Xa3s1-
iHa, 3B’s13yBaHHi BipycHoi /JHK a6o PHK Ta imyHo-
MOZYJIALIL.

KanikcapeHonoi6Hi noxigHi XxpoMOTPONHOI KUC-
JIoTU 24 Ta 25 6y/u 3anaTeHTOBaHi K eQpeKTUBHI
npotuBipycHi areHTH [44]. Lli cionyku € epeKTUBHU-
MU iHriGiTOpaMy NPOHWKHEHHS B KJIITUHY TaK 3Ba-
Hux Enveloped viruses, To6To BipyciB 1110 MalTh J0-
JIaTKOBY 000JIOHKY (CymepKarcu/), ska CKJIa/la€Th-
cs13 GparMeHTiB MeMOpaH KJIiTHHU-TOCIOAApPsI Ta IJIi-
KonpoTeiHiB Bipycy. BuB4eHHs 3B’I3yBaHHA MaKpoO-
UKJIIB 24 Ta 25 3 BipyCHUMH YaCTUHKAMHU, HallpHU-
KJI1aJ, 3 BipycaMU repliecy CBi{4UTb, 1110 IPOTUBIpyCHA
aKTHUBHICTb NOB’s13aHa 3 a/iresi€o /1o BipycHoi 060-
JIOHKY, 1110 YHEMOXKJIMBJIKOE NIPUKPIIJIEHHA BipyciB
J10 KiIiTuH-MileHel. HeapgaTHicTh KanikcapeHiB 24
Ta 25 nporuaiaTtu inpekuii, BUkJIUKaHil 6e3060-



XKypHan opraHidyHoi Ta hbapmaueBTUYHOI Ximii. — 2015. — T. 13, Bun. 1 (49)

ISSN 2308-8303

Cxema 15

JIOHKOBUMH BipycaMH, NiATBePAKYE 11elt MexaHi3M
(cxema 15).

Kanikcapenu 24 ta 25 6ysid IpOTeCTOBaHi in vitro
NPOTH BipyciB npoctoro reprecy 1 Ta 2 (BIII-1, BIIl-2),
BIJI, BipyciB rpuny A ta b Ta iroAcbKOro0 pecripaTop-
HOT'O CUHLIMTIaJIbHOTO BipyCy, aZleHOBipyCy Ta pUHO-
Bipycy. [lyig ociipkeHb BUKOPUCTOBYBAJIMCh TaKi KJli-
TuHHI 1iHil Ak HEp,, HeLa$S,, H, Ta VERO. byno noka-
3aHo, 110 KaJjikcapeHu 24 Ta 25 epeKTUBHO 3MeH-
IYIOTh LATONATHYHUHN eeKT, 1[0 NPOBOKYIOTh yci
060s10HKOBI Bipycu. EdextuBHa fo3a (E/,,) npotu
BIIIl'-1 cknagae 0,7-2,7 mr/a, npotu BIIT-2 - 1-2,7 mr/.1.
Lli pe3y/1bTaTH € KpalMMHU 3a pe3yJIbTaTH TAKUX JIi-
KapCbKHUX 3aC06iB 1K al[UKJI0BIp, raHIIMKJIOBIp, poc-
donodopmiaT Ta pochoHoMeTOKCieTUNaAeHiH. [Ipo-
TH Bipycy rpuny A 3HayeHHs E/l, ciosiyk 24 Ta 25
cknagae 5-7,9 mr/a, a nporu BT (utamu HTLV-III,
ta RF-1I) E/l;, nopiBHio€ 0,07-0,50 mMr/x [45, 46].

Kausikc[4]niporasiosapeHKkap60HOBI KUCIOTH 26
Ta 27 TeX NpoABUIM aKTUBHICTb npoTH BIJI-1 Ta
BLJI-2. KanixkcapeH 26 3MeHIIY€E UUTONATUYHUH ePeKT
Ha 50% npu koHUeHTpanisx 10 Ta 0,03 MxM Bigmno-
BiAHO [47], a kasikcapen 27 npu 0,5 Ta 1 MM [48-
50] (cxema 16).

MexaHi3M il faHUX KaJliKCapeHiB ONMCAaHO B 3a-
rajbHOMY BU/i. BoHU iHTi06Y10Th 31U TTA (dy3ito) Bi-
pycy 3 KJIITUHAMU-TOCNOAApsAMU Ta GepMeHTHU-iHTe-
rpasu BipyciB.

Byso focnimxkeHo Ao KOHYCONoAiOHUX Kastikcape-
HiB 28 Ta 29 3 i30-dTaslaTHUMU rpynaMu NPOTH Bi-
pyciB BIJI (mmramu HIV-IIIB, LaiM184 V, NL-43) Ta
Bipycy renaruty C. [locnigxeHHs NpOBOAUJINCE Ha
pi3HUX KJITUHHUX JIiHifX, B ToMY yKcii Ha T-nimdo-
nutax MT-2 Ta CEMx174 Ta Ha HeLa knitunax [51]
(cxema 17).

B ycix Bunajikax peectpyBasach HU3bKa abo ce-
peAHs UUTOTOKCHUYHICTb OPsAJ 3 BUCOKOI edek-
tuHicTio (1C,,20,3 MkM, TabJ. 8). Paszom 3 TUM, Te-
TparigpokcukasikcapeH 30, kanikcapenu 31 ta 32
3 3a/IMLIKaMU [VIIOTaMiHOBOI Ta acriapariHoBoi KUcC-
JIOT Ta Makpouuk/au 33 i 34 i3 MOHO3axXUILEHUMU
izodpTasaTHUMU rpynaMu NoKa3ajau 3HAYHO HUXKYY
AKTHUBHICTb NpOTH 060X BipyciB (cxema 18).

B po6ori [52] gocuifpkeHo NPOTUBIPYyCHY aKTUB-
HiCTh KaTiOHHUX KasikcapeHiB 35 Ta 36 3 papmako-
bopHUMH aZlaMaHTUJIBHUMU IrpynaMu (cxema 19).

AKTHUBHICTb JaHUX KaJlikcapeHiB 6ys0 nepesi-
peno npotu BIIl'-2, wtam BH, Ha KysibTypi KAiTUH

Cxema 16
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HO. OO _OH

VERO-B. KasikcapeH 36 HeaKTUBHMH, B TOH 4ac K
KaJlikcapeH 35 nokasaB 3MeHLIEHHS [JUTONaTUYHO]
Jii Bipycy npu koHueHTpanisx 10-125 mr/a. Ane
WOT0 aKTUBHICTh MEHINA, HiXK y allMKJOBipy, 3Ha-
yeHHs MIK gssa 35 nopiBHtoe 10 Mr/i, 1151 allKJI0-
Bipy - 0,25 mr/j, xiMmioTepaneBHUYHI iHJgekcu 12,5
Ta 2000 BignoBigHO.

Hu3ka BoAopO3UMHHUX aHIOHHUX KaJliKCapeHiB,
dyHK1ioHaMi30BaHUX Oic-Tia30/1iIBHUMU FpyNaMH,
OyJ1a CUHTe30BaHa Ta J0C/Ii/PKeHa IPOTH Pi3HUX LITa-
MiB BIJI [53]. Hali6isb1ly ak TUBHICTb IPOSIBUJIN TET-
pacynbdoHaTokasnikcapeH 38, TerpadochoHaToKa-
JlikcapeH 39, TeTpa- Ta OKTakap6oKcHUIaToKaliKca-
penu 5 Ta 37 (Tab.. 9). [Ipuyomy came pyHKIioHATI-
3anis 6ic-Tia30/1iIBHUMU TPyNaMu HaJla€ JAHUM Ka-
JIIKCapeHaM IIPOTUBIPYCHY aKTHUBHICTb, BUXI/HI CyJib-

Ho  HOQ OH
o o OH
HO
(0]

28 R=n-Bu

29 R=Bn
Cxema 17
Cxema 18

Cxema 19
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Ta6bnuya 8

AHTMBIPYCHa aKTUBHICTb Ta LIMTOTOKCUYHICTb
KanikcapeHis 28-34

© [Hri6yBaHHA

2 | IHribysaHHa BIJI, Bipycy LMToTOKCMYHICTb,
e ICy, MKM renatuty C, MKM
b IC,, MKM

28 0,36+0,12 1,8+0,3 >50
29 0,30 1,4 18
30 6,7£2,9 >50 >50
31 3,0£2,8 1,5£0,3 >50
32 2,414 4,1+1,8 >50
33 >50 25,6 >50
34 >50 4,1 >50
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Cxema 20
Ta6bnuya 9
[MpoTrBipyCHa aKTUBHICTb Ta LUTOTOKCUYHICTb aHIOHHUX KanikcapeHis 5, 37-39
MT4 (HIV-1 [lIB) CTM-SS (HIV-1 Lal) PBMC (HIV-1 Bal)
Cnonyka
ICsp MKM | umTOTOKCUYHICTB, MKM [IC, ), MKM | LMTOTOKCUYHICTD, MKM [1C,;, MKM | LUTOTOKCMYHICTb, MKM
5 14 >100 53 >100 >37 37
37 15 >100 19.5 >100 14.5 >100
38 1,6 >100 2,2 >100 1,5 >100
39 14 >100 15 >100 57 92
A3unpoTmignH 0,01 >100 0,0051 >100 0,0077 75

doHaro-, aneraTo- Ta pochoHaTO-TeTparifpokcu- BUCHOBKM
KaﬂiKCapeHI/I He IMoKa3aJIu 3Ha4YHOI aKTUBHOCTI. ﬂf[ﬂ AHaJ1i3 BeJIUKOI KIJIbKOCTI cTaTeUr Ta MaTeHTIB
JLOCJIiPKEHb BUKOPHUCTOBYBA/IM TPH PO3MOBCIOKE-  CBiZYUTD, 1[0 MOAMQIKOBaHI KaslikcapeHU MPOsIBJIs-
Hi wtamu BIJI-1: IIIB, LAl ta Bal, Ta Tpu J1iHii T-1iM-  10Tb aKTUBHICTb IPOTH GaKTepiH, rpubiB Ta BipyciB.
¢douutiB: MT-4, CEM-SS Ta PBMC (cxema 20). BakTepuliy/iHa aKTUBHICTb MOUbIKOBAaHUX KasTiKcape-
Kanikcapen 38, pyHkiiioHasnizoBaHuil cy/ibpoHAT-  HIiB 3a3BUYail 0OYMOBJIIOETHCS HASBHICTIO EKIJIBKOX
HMMHU I'pyNaMy, IPOsIBUB HANOI/IbLIy aKTUBHICTb IPO-  NMO3UTUBHO 3aps/KeHUX IPYI HA MaKPOLMKJIIYHOMY
TH BCix wtamiB BlJI Ta He3HaYHY UTOTOKCUYHICTB.  KiCTAKY. AHTUBIpYCHa aKTUBHICTb 3yMOBJIEHA IPHU-
Aute BiH nocTynaeTbcs 3a epeKTUBHICTIO BiIOMOMY  CYTHICTIO BiJEMHO 3apsi/KEHUX YTpyNoBaHb. 3a aK-
npenapary a3uZlOTUMIAUHY, AKU{ IIMPOKO BUKOPH-  THUBHICTIO KaJliKCapeHOBI NOXiHI TepeBaaloTh TaKi
ctoByBasM ¥ 1990-x Ta Ha noyaTKy 2000-x pokiB. BiZioOMi IPOTHUBIPYCHI IpenapaTy, K ALMKJIOBIp, TaH-
Bysia 3anaTeHTOBaHa NPOTHUBIpyCHA aKTUBHICTh  LMKJIOBIp Ta pochoHOMeTOKCieTHIaAeHIH. DyHTiIUI-
HaTpiEBHUX coJiel KasikcapeHiB, MOAM}iKOBaHUX aHi-  HY [Iil0 KasllikcapeHH! NpPOsBJASAIOTh NpU QyHKIioHa-
OHHUMHU KOOAIBT-AUKap6oigHUMHY rpynaMi. i Mak-  sizanii BijoMmumu papmMakoPOpHUMH 3aJUIIKAMH.
POLMKJIM 3/1aTHI iHri6yBaTH aKTUBHICTb NpoTea3u  OcCOGJMBICTIO KaJliKCcapeHiB € HU3bKa LIUTOTOKCHUY-
BIJI31C;,91-210 HM [54]. HICTb, IX XiMiOoTepaneBTHYHI iHJAEKCH IlepeBaXKHO Ma-
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I0Tb 3HaueHHs1 6isibile 10. Ha TenepimHiii yac 3ycus-  xaHi3MiB aHTUMiKpo6OHOI Ail Ta BUBUEHHS KOpesis-
Jisl JOC/iAHUKIB CIPsIMOBAaHI HAa BCTAHOBJIEHHSI Me-  Lill CTPYKTypa-aKTHUBHICTb 6i0LUAHUX KasliKCcapeHiB.
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